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.: ESSAY IX. 

''^~ The Cardinal Polignac is known as one of the most 
^ classic of modem Latin poets ; and his biographers, 
in their admiration of his nervous versification, pro- 
"^fe- found reasoning, and benevolence of sentiment, place 
" him almost above the great Roman author whose 
\'^ opinions he combats and overthrows. 
"^ A small work in a different style of composition^ 
l and on a somewhat unpoetical subject, that he com- 
^ posedin 1713, also possesses superlative merits In 
^ this useful treatise, the cleric prince observes, that 
persons who value a machine only from the appa- 
^ rently great effort of genius required to invent it, 
V ^ from the complexity of its parts, the difficulties en- 
I ' ' countered, and money spent in bringing it into 
* *:^ notice, will find Httle to please their romantic taste in 
his performance. But those of a more correct 
judgment* who can see worth in a contrivance not- 
withstanding its simpHcity of construction and easiness 
of execution, will, perhaps, prefer his apparatus to 
more ostentatious productions; and what, for instance, 
can be more pleasant, useful, economical, and necessary, 
than to know how to make a fire speedily, and make 
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it bum vividly without the aid of bellows ; to heat a 
capacious room with a small fire, and at the same 
time breathe an air fresh and pure, as well as healthily 
warm } In Le Mecanique (i Feu, he shows how these, 
and other desirable comforts, may be obtained by 
means of a very simple contrivance. 

There is a large class of persons, he thinks, who 
will undervalue his labours from an apprehension 
that warm apartments are unfriendly to health ; and 
the cardinal admits that very hot confined air often 
found in rooms heated by some kinds of stoves, and 
even by open fires, must be prejudicial in many cases to 
those who breathe it. But rooms which are always 
supplied with an unremitting succession of fresh air, 
cannot be liable to this objection. Those who urge the 
danger of passing suddenly from a warm room into 
the cold air, show by their own practice their objection 
is groundless, for their fears do not prevent them pro- 
ducing and keeping up during the night, with blan- 
kets, soft beds, and curtains, as high a temperature 
as they can around their persons. Nor are they 
afraid every morning of their lives, even during the 
most inclement weather, to rise from the warm bed 
in which they have been reposing for many hours, 
and dress themselves in cold clothes, in a room with- 
out a fire. Neither does their affected apprehension 
of this danger hinder them sitting during the day 
before a large fire, and wrapping themselves up in 
the warmest clothing. Our own experience, as well 
as the practice of our neighbours, should be suffi- 
cient to convince us that we are never better able to 
withstand the cold weather, than when we emerge 
from a warm room with every part of our body 
equally saturated, as it were, with heat. ITie practice, 
continues the cardinal, of the Danes, Germans, and 
other northern people, who live in climates colder than 
that of France, proves that rooms wanned to a high 
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degree by stoves do not produce disease more than 
rooms warmed by open fires. On the contrar}% these 
people, and we ourselves, fly to warm apartments as a 
si^ecific, or as a mitigator of many disorders produced 
by the cold. It is not the warmth of a room, but its 
inequality of temperature and want of ventilation, that 
is the origin of numerous maladies : we cannot, there- 
fore, be too cautious of living in those in which this 
dangerous imparity of heat and motionless air exists, 
nor remain too long in rooms into which temperately 
warm fresh air is constantly flowing and diflTused. The 
natives of countries where the rooms are warmed by 
stoves (or enclosed fireplaces), and the art of distri- 
buting heat is weU understood, complsun, when they 
come into France, that when a man is very cold, he must 
set himself down before the open fire, to see the wood 
bum at some distance before him, or if he approach 
nearer, he must stand or sit double with his head and 
feet quite in the chimney, and scorch his eyes, face, 
and legs, and at the same time freeze in other parts. 
So that, in truth, he warms himself to augment his 
grievance. 

All this suffering and inconvenience, the cardinal 
demonstrates, was produced in his and by-gone times 
by house-raisers feeling they had done their duty 
when they had provided hearths, without duly consi- 
dering that the end sought by burning the fuel in a 
chimney was to warm the rooms and the persons in 
them. These builders never seem to have reflected 
on the fact, that we receive the heat emanating from 
burning bodies in more ways than one. It may come 
directly from the fire or hot body, and then we are 
warmed by what is called radiant heat ; and it may be 
thrown off from a body on which it has fallen, and our 
sensation is produced by reflected heat ; or it may be 
conducted through a solid body, as when fuel is burned 
in a stove, and the hot surface heats the air which 



surrounds and warms us. Fuel burned on a commol^ 
hearth, enclosed on three sides, does not warm the 
room by conducted heat. It emits but a very 
small part of its radiant heat into the apartment, 
and nearly all the reflected heat is retained in the 
hearth recess. In the cardinal's fireplace, not only 
a much greater proportion of radiant and reflected 
heat were appUed to their proper purpose, but the 
air was heated by conduction also. 

The jambs of the hearth recess were always built 
parallel, and at right angles to the back. The width 
of the opening varied from 3 feet 6 inches to 8 feet, 
and seldom had a less depth than 2 feet 3 inches, and 
was from 4 to 7 feet high. From the position of the 
jambs and their depth, it will be apparent that they 
could reflect little heat from their plastered surface ; 
more of the heat was reflected from the back ; but 
from the position of the fuel, a large proportion of the 
incident rays made a very acute angle with the back, 
and consequently was reflected into the chimney 
throat. Of the radiant heat, only that small portion 
which emanated in a direction little removed from 
the horizontal, had any effect in warming the room. 
A sUght inclination of the heating rays at their focus 
carried them over the heads of those sitting round the 
fire, and they fell on the wafl at too great a height to 
produce any effect that could be appreciated by the 
company. Rounding the angles of these deep paral- 
lel jambs, and hnin^ them with plates of iron and 
brass to give them a neater appearance, shghtly 
mended the faulty primitive construction. 

The geometry bf optics teaches us, says the cardinal, 
that all the rafs proceeding from the focus of a para-r 
bola, and stt^ng on its sides, are reflected in a di- 
rection pai^aUel to its axis. If, therefore, the length of 
the wood to be burned be that of half a log or billet, 
which lit Paris is about 22 inches, this may be taken 
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as the proper width for the back of the fireplacei 
Pomts at this distance may be made the foci of two 
semi-parabolas, and the Hne that connects their ver- 
tices will form that of the back, and the outer extre- 
mity of each jamb will be a point in the curve. A 
hearth recess having this horizontal profile, its back 
and paraboUc jambs covered with iron or brass plates, 
the soffite of the. mantel madQ horizontal, and the 
smoke flue contracted to a size of 10, or 12 inches 
square, " will, I affirm," says the cardinal after a very 
satisfactory mathematical demonstration, " emit and 
reflect incomparably more heat than any of the ordi- 
nary fireplaces." 

The " soufiiet" or blower in the hearth has already 
been noticed as a c(»Bmon contrivance for kindling a 
fire,* and the cardinal adopted it not only for this 
purpose, but as a way; of keeping up a constant vivid 
combustion in the fuel without the personal trouble 
of applying bellows. ! 

In the centre of the hearth recess, and at a distance 
of 10 or 12 inches from the bottom plate or focus on 
which the fuel wa» burned, a channel or cold ait'-duct, 
from 4 to 6 inches square, was made under the 
hearth, and cariied outwards until it met the open 
air. Its openiiig on the hearth was closed with a 
metal frame fonning an aperture 3 inches long and 
2i inches wide. A trap door or valve was hinged 
on this frame, to lift upwards. On the upper side 
of the valvQ was a button that could be laid hold of 
by the tongs, and a little bolt beneath, which was 
drawn bacl^ or closed with the button that moved it. 
Two thin sector-shaped slips of iron formed the sides 
of the valve, and guided the current of wind that 
came through the channel directly upon the fir^ when 
the valve was hfted up. Two springs, fastened'imder 



* Mechanism of Fire, p. 6. 
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the frame, pressed against the sector pieces, and kept 
the valve open at any angle at which it was set. 

lliese were the only alterations recommended where 
it was not desirable to touch the mantel or any thing 
above it, or where the expense of a more perfect im- 
provement could not be afforded.* 

In his meritorious treatise, the cardinal delineates 
several complex varieties of his fireplace, in all of 
which, in addition to the parabolic jambs and 
soufHet that have been described, he introduces a 
hollow back, or jambs, or hearth, and mantel with 
valves to regulate the admission of the heated air into 
the apartment. 

An aperture from S to 12 inches square was made 
in the external wall, and on a level with the floor of 
the room to be heated, or lower where it was practi- 
cable. An air channel was carried from this aper- 
ture to the hearth recess. The back of the fireplace 
was formed of a hollow case, like that in the Louvre 
chimney, but divided either in its width or height 
into three or more channels ; — the first of which com- 
municated at one end with the air-duct, and the other 
end with the second channel ; and the second channel 
communicated with the third, and so on, if there was 
a greater number ; and the last of the series opened 
into the room. In the air channel there was a valve re- 
sembUng Papin's four-way cock, formed in the follow- 
ing manner : — A small cylinder, a?, revolved within 
another which was fixed, and about 12 inches diameter 
and 9 inches high. The revolving cylinder had two 
apertures, o o, each 6 inches wide and about 7i 

* Where this air-duct cannot be carried l>eneath the floor, or 
brought from an external wall, a small vertical canal or air-duct 
may be formed in the wall, or in the smoke flue, commencing a little 
below the level of the opening into the calidncts, and communicating 
with them, and carried up to any convenient height for maldng 
an opening into it from the external air. The air w^lU then fall 
flowmnttila in this air-duct, and circulate in the caliducts, and b« 
emitted wurmed into the room. — Mechanism of Fire, p. 71. 
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inches high. The fixed cylinder had three apertures, 
each about C inches wide and 8 inches high. The 
axis of the revolving cylinder went through the cover 
of the fixed cylinder, and had a small lever or needle 
fixed to it, with which the cylinder was turned by the 
finger into certain positions marked on a small dial. 

When the apertures o o 
in the revolving cylinder 
coincided with the aper- 
tures tf tt in the fixed 
cylinder, as shown in Fig. 
XLV., the external air from 
the channel was admitted 
into the caliducts in the 
chimney back, and by turn- 
ing the revolving cylinder into another position the 
cold air was excluded from the caliducts and admitted 
directly into the apartment ; the cylinder could also 
be placed to shut oflf the cold air both from the cali- 
ducts and from the room. 

A second device for the same purpose. Fig. XLVI., 
is somewhat more simple. Two attached frames, % i, 

each 5 inches by 8 inches, 
with an opening, o o, in each, 
were fitted into the cold air 
channel where it joined the 
first caliduct. A valve, c, 
moved on the axis a, which 
went through the cover, and 
had a needle attached to it by 
which the valve was moved by the finger to close or 
open the warm or cold air apertures o o, or to shut 
both, which will be understood from the figure. 

In Le M4canique h Feu the cardinal describes one 
arrangement of his fireplace ^vith the caliducts or 
meanders perpendicular, as in Fig. XLVII. ; another 
as having them placed in a horizontal position, as in 
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Fig. XLVllI. A third variety had the haarth made 
hollow, as in the Louvre fireplace, but divided into a 
series of square tabea or caliducis, through wliich 




the air flowed, and was heated as shown in Fig, 
XLVIII. In others, the mantel also was formed 
hoLoWi to receive and still further heat the air 
conducted into it from the caliducta in tlie back and 

FIO. XLVIII. 




hearth. The cold au- entering at a is emitted at x ; c is 
the hearth j m, the smoke flue; d, s, i, the caliducta 
— the arrows indicate the direction of the w. 



Another combinatiaD requires a more detailed no- 
tice. It has been, par txeelinoe, called the Polignac 
firepUce, and its display of ingenious adaptation of 
meanH to an end, well entitles it to this distiogiushed 
appellation. 

Fig, XLIX. is an homontal section of the lire- 
place. Fig. L. a vertical section, and Fig. LI. an ele- 
Tation of the back.* The same letter in the three 
figures marks the Bsme part. 



The hoUov metal case, forming the back of the 
chimnej, is partitioned into three or more chan- 
nels or cahducte, p, q, r, each 4 inches wide, and 
fii inches broad, and placed about an inch from the 
back wall of the hearth-recess, with its lower edge, 
% about 2 inches above the surface of the iron bottom 
plate, or hearth, a. The jambs, w, lined with iron 
or brass plates, are formed in a parabolic curve, and 
solid at the back. The channel «, conductbig the 
external air into the caliducta, is 9 inches on the side ; 
and the blower or soufflet, c, is of the size described 
b a previous page, but Instead of being Bupphed 
with Mr from the outside by a separate channel, the 

• nrM Improrod, p. lOS. 



ur IB derived from the channel z. The ur valve, a, 
described in page 7, u placed at the junction of the 
cold air channel with the caliducts ; and the aperture, 
a, through which the wumed air enters the room, ia 
fitted with a sliding valve, to close the wann air 
qteiture. 



The operation of this apparatus is ver7 simple : the 
wood btuDg laid on the he^th, the bavin lighted, and 
the valve of the soufSet, e, lifted up, the billets are 
speedily blown into a sparkling fire ; the smoke and 
flame rise into the space, «, between the back, p q r, 
and wall of tbe hearth recess, and, after imparling 
thra- heat to the iron back of the caliducta, thence 
escape into the flue; while the other face towards 
the room, IB also rafMdly heated by the contact of 
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the flame find stuoke. The valve, o, being adjusted, 
to admit the external air into the first caltduct, it 
flows thence through the second and third, receiving 
fresh accessions of heat in its progress, until it esca^)es 
at z, considerably raised in temperature, and speedily 
diflftises an agre^ble warmth throughout the apart- 
ment. 



FIG. LI. 




This airangement was deservedly recommended bj 
t&e cardinal as the best of the series described in his 
treatise ; and he Observes, that although the air does 
not take so long a course through the caliducts in this 
as in the other combinations; yet.it is as qiiickly 
warmed, for the smoke and flamewhich pass behind the 
caliducts, act upon them as energetically as the flame 
does on the other side, and from both siir&ce^ being 
thus heated, a« much air i« raised to ib& sttme a^ee> 

c2 
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in two momenta bh would be in four, were the heat 
derived from one aide onlf . It is obvioua that if the 
cold ur was admitted under the hearth, and the jomba 
lined with iron or biasa plates, although the fireplace 
woold be a little more complex, ita effect would be 
augmented. And the whole larrangement, continues 
the cardinal, is ao aimple, ao convenient, and eaaj 
of execution, that it ia beat adapted for general use, 
and " I myself at this moment apply it to very good 
purpoae." 

Fireplacea deaigned for large societies or com- 
panies, may be erected in the middle of the chamber, 
and two may be set back to back, with one seriea of 
calidncts for both, so that the air will be heated, 
whether the fire be made in one or in both. And on 
the aame principle, if two hearth recesaea in a private 
house were placed back to back in the diviuon wall, 
one of these double fireplacea might be placed in the 
receas, with an opening from the cahducCa into each 
room ; and by mnVing a. fire in one, or in the other, 
as might be wanted, the heated air could be intro- 
duced into the room in which there waa no fire, and 
warmed more comfortably, even than the ^)artment 
in which the fuel was burning. 

PIG. Lii. If ^^ rooms adjoin, and then* 

hearth lecesaes are not placed 
near each other, and it is found 
inconvement to fix a fireplace in 
each, nothing is more easy than 
to warm both apartments by one 
apparatus. All that is required 
being to insert a pipe, z. Fig. 
LII. connected with the cali- 
ducls through the waU, □, and 
the hot air will flow into the 
room in which there ia no fire. 
It is obvious that a room in 
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a floor above could be effectually heated and ven- 
tilated by carrying a pipe from the caliducts upwards 
through the ceiling ; and that a room on a floor be- 
neath could be ventilated by the same apparatus^ as 
will be shown in detail in a following essay.* 

The advantages of the Polignac fireplace over those 
on the common construction are very great. The 
external air, in passing through the caliducts, being 
raised to a temperate heat, and spreading itself through- 
out the chamber, a person in the coldest weather is 
surrounded with warm air, and heated, without going 
near the fire, on all sides at once; while from the 
construction of the hearth, he enjoys the radiant heat 
in greater perfection than in the common chimneys. 
The large body of air constantly flowing into the 
room from the caliducts, prevents all chink winds or 
dangerous disease-bringing currents; and as there 
is as much impure air withdrawn, as there is fresh 
warm air admitted, an unceasing salutary ventilation 
goes on, from the time the fire is lighted until it is 
extinguished ; so that a person may always remain in 
a room thus warmed, and breathe as pure an air as 
if he were in the fields. 

From the fear and danger of cold and draughts, the 
air in sick-rooms is seldom changed so often as is ne- 
cessary ; and the breath and exhalations thus confined 
are often as fatal to the attendants as the disease is to the 
patient. The continual admission of pure air warmed 
in one of these fireplaces, always keeps the sick-room 
ventilated, and the patient from breathing a pestilential 
atmosphere, that must aggravate whatever disease he is 
labouring under, if it does not itself generate a more 

* The fireplaces were described in the Memoirs of the Freoch 
Academy of Sciences for 1720 j engraTings of the apparatus aiea^ien 
in its collection of Machines Appronv^s, torn. it. p. 11. They 
dlflTer nothlog from the figures in *' La M^canique du Feu.*' 
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atal malady. While^ from the genial wannth that 
is maintained in all parts of the room, it is not neces- 
sary for the invalid to be loaded and choked with 
blankets and curtains^ as is usually done almost 
to suffocation — nor is he himself, during the incle- 
ment season, afraid to stir even in bed, lest he catch 
cold. 

By fixing a flexible tube to the aperture at which 
ibe air enters the room, from the caliducts, it may be 
conveyed into a bed between the sheets, and made to 
fall on any part of the body of a person reposing, and 
warm it in the gentlest manner imaginable : a con- 
trivance that might be of great advantage to invalids 
who require attendants to warm theu* linen without 
intermission ; and also to those persons who may not 
be unwell, but who yet can get no warmth in bed at 
night, . during cold weather. It need scarcely be added 
that the vae of these chimneys is attended with ano- 
ther comfort, as much desired by the healthy as the 
8ick-*-of clothes, frumiture, and other things being 
preserved ifi all weather, free from damp and moul- 
diness. In the course of his experience the car- 
dinal found, that his fireplace was a perfect specific 
against the annoyance of smoke in rooms, which de- 
stroyed the lungs of those who breathed it, and 
smutched the finishings of the walls, furniture, and 
every thing in the apartment, ''and particularly the 
lace, linen, skin, and eyes of the ladies.'^ 

All the fireplaces described by the cardinal were 
adapted for burning wood only. In 1715 Doctor 
Desaguhers made a translation into English of the 
French treatuQ ; and in an appendix gave directions, 
with figures, how to construct the apparatus to bum 
sea-coal. In conjunctionixdth Du Bois, an architect, 
the doctor began to manufacture^ the fireplaces, and 
from his declining to expatiate on the benefits to be 
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reaped from their use, because ^^of the evidence of so 
many in London that were erected under his direc- 
tions^" the partners seem to have driven a thriving 
trade. In their practice they discarded brass and 
used iron for the parabolic covings^ and " meanders 
about the fire/' on account pf its being the most 
wholesome and lasting material, and also reducing 
the cost of the apparatus.^ While the partners 
were thus profitably employed, a Frenchman carried 
the doctor^s translation to a brazier, in order to 
instruct him how to make an apparatus, for which 
he had contrived to obtain an order from the Duke 
of Kent, — and '' coming to me," says the doctor, ''to 
get a tittle more light into the matter than he pos- 
sessed, he showed me the French book, which he said 
he had written; but upon my calling him M. Ganger, 
never haying seen that authof , he told me tl^at he had 
only written that book jointly with M. Gauger, though 
I found i^)on trial that he could not read three pages 
of bis book together. Notwithstanding thi^, he had 
the impudence to apply to Count Bothmar (a Hano- 
verian in great credit at court) and to M. Jlobethon 
(a refugee, and French secretary to George I.) to re- 
present him to the King as a poor ingenious man, 
who had found out a noble invention that deserved 
n patent ; which he could not pay for. His Majesty 
and those gentlemen were ready to pay fpr the man's 
patent, but when I heard of it, I thought it hard 
that I should by that means be excluded from an 
invention that had been given the pubtic in French, 
and which I had since pubtished in Engtish with im- 
provements ; and though therefore I was offered half 
the patent without any expense, I rejected it."t 



* Fires Improved. Append, p. 1, 2. 

t Conne of Sxperlmeiklal Plulosopby, to). U. p. 669. 
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In order to prove that the air was not rendered 
unhealthy by passing through the iron caliducts in 
the back of his improved fireplace, the doctor made 
the following experiment. He bored a small hole in 
a cube of iron, into which he inserted the end of a 
pipe, furnished with a cock, that went into an ex- 
hausted receiver. He made the cube white-hot, and 
turning the cock the outward air rushed through the 
hole and pipe and filled the receiver ; and a linnet 
placed in this air for half an hour was as brisk and 
lively as a linnet could be. Had the doctor rested 
on this experiment, in which the bird did its duty to 
admiration, all would have gone on prosperously, 
but, to show the effect that " foul burnt air " really 
had on life, he placed the iron cube in a chaffing- 
dish, so that the air had to pass through the burn- 
ing charcoal it contained, as well as through the 
hole in the red-hot cube, before it entered the re- 
ceiver. The bird put into this air died in a moment, 
and a lighted candle was instantly extinguished. This 
result at once giving soul and body to a prejudice, 
the cry of " burnt air being fatal to animal life " was 
raised against the apparatus. A Mr. Worster imme- 
diately and resolutely declared against the doctor's 
method of warming rooms ; for *' burning the air," 
he said, destroyed the vivifying spirit which it con- 
tained. In support of their hostile opposition, 
Worster and others who had set their faces against 
the new fireplace, brought forward an experi- 
ment, made by Mr. Hauksbee, in which a bird 
dropped " stone dead " when placed in air that had 
been passed through a small red-hot brass tube. On 
this occasion the doctor stood up manfully against 
his enemies, and appealed to the operation of two 
fireplaces that heated the library of the Duke of 
Chandos, and twenty or thirty others that he had 
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erected for various persons, not one of whom found 
any inconvenience from the use of them. For to 
avoid all objections, says he, '' I never brought in the 
air through red-hot pipes pasting through the fire, (as 
his foes said he did) ; but though I was obliged to 
bring my conduit for the air round a sea-coal fire, 
and much nearer it than M. Ganger did, yet I al- 
ways made my tubes of plate iron, (found to be inno- 
cent by experiment,) and of 5 or 6 inches diameter ; 
so that this air was no more heated than it would 
have been by a summer's sun, and the air introduced 
came immediately from without doors, so that the 
whole air of a room was often changed in a quarter of 
an hour ; and had none of the old unwholesomeness 
and inconveniency of a German stove, where the same 
air is heated even to the suffocation of those that are 
not used to it."* 

The doctor's appeal was not regarded, and his op- 
ponents held his first experiment to be erroneous. 
It was the "burnt air," said the unrelenting Mr. 
Worster and his followers, that suffocated Hauksbee's 
bird ; and it was the " burnt air " that choked the 
doctor's own bird in his charcoal and brazier experi- 
ment, therefore burning the air in French stoves is 
most noxious to the health of human beings ; and 
this obstinate opinion with which Mr. Worster con- 
trived to inoculate the public, produced the same 
deadly effect on the doctor's undertaking, that the 
veritable burnt air did on the linnets and candle. 
After the lapse of six and twenty years, when the in- 
defatigable and ingenious Desaguliers looked back on 
this misfortune, he was touched with the sorrow of 
blighted hope, and said, " As I took so much pains 
and. care, and was at some expense to make this 

* CouTW of Experimental Philosophy, vol. il. p. 559. 
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mamgimeat of air useful, I can't help compltuniiig 
of thoHe wio endeavoured to defeat me in it." This 
attempt to naturalize an improvement being bawled 
down, the EngUah hearth-fire was left in full poeees- 
Hioa of its ancient right of exhibiting an example 
of the manner of consuming the greatest quantity of 
Aiel with the smallest possible return of comfort. 

The warmth that the Polignac fireplace was cal- 
culated to diffuse through the villa and mansion, and 
at the same time gratify the French partiality for an 
open fire, was also obtained in the country house and 
cottage, by the nse of the " chemin^ de Nancy." 



When it first appeared, the historian hath not re- 
corded, but it mas in use in 1738, and most probably 
was a gift to sodety, from some ingenioua and philo- 
sophical native of the place, from which its name is 
derived. 

A view of it is given in Fig, LIIL, and a section in 
Fig.LrV. Thelengthofthehearthisregulatedbythe 
length of the wood, which seldom exceeds 23 inches. 
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Tlie canopy^ or hop4> o, placed over it, is of the 
-,« , --- same width, and projects 

at least 13 inches from 
the iron plate, o, that is 
fixed not more than 2 
inches from the back wall 
of the hearth reqess, and 
forms the back of the 
fireplace. The hood di- 
minishes as it rises, and 
at its upper end is con- 
tracted into a tube 4 
inches on one side and 
7 inches on the other, 
making the smoke aper- 
ture have an area of 
about 28 square inches. 
An area of 36 square inches being found ample 
enough for the largest fireplace. This tube is car- 
ried 2 or 3 inches above the level of the mantel 
sofite, and is terminated with a valve or register, c, 
which is shut and opened by the rod, w, that goes 
through the chhnney breast. The throat of the 
smoke flue is closed with brick, or with an iron plate, 
t, in which an aperture is left through which the tube 
forming the termination of the hood is inserted ; no 
air, therefore, can enter the flue from the room, except 
that which flows under the hood and over the fire.* 
In cottages and kitchens where large vessels have 
occasionally to be heated, the lower front edge of the 
hood, is sometimes raised as high as 18 inches above 
the level of the hearth ; but this, which can seldom 
be exceeded, is not to be recommended. A height 
between 11 and 14 inches is found the best. When 
the hdght was 13 inches, the length of the billet 22 



* TnM d9 Ghemiii^ei, p. IW. 



iaches, the projection of the hood 13 inchea, and the 

regieter kept half closed, to allow an area of about 14 
square incbea for the Emoke, the effect of the che- 
min^e de Nancy in warming s room containing 2Z8S 
cubic feet of space, and with a. surface of 54 feet 
square of windoiv glass, was very nearly equal to that 
of a Pohgnac fireplace with the same sized hearth, 
and burning the same quantity of fuel. Each kept 
the room at a temperature of 56° during a sharp frost, 
and this temperature it was found could not he pro- 
duced with 2J times more wood when burned on the 
hearth with its flue altered to the original construe- 



The efficiency of this clever apparatus is produced 
from the front, back, and sides of the chimney being 
mgutated, and thus allowing the air in the hearth 
recess to come in contact wiUi the heated surfaces, and 
winch, being hindered from escaping into the flue, 
spreads through the apartment above the lower edge 
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of the hood. The portabiUty, modeTate cost, and 
simple conatructian of the chenunf^e de Nancy, 
adapt it above all others to the use of the cottier, 
and to situations where it is inconvenient to make 
any alteratdooa on the hearth recess. What a 
world of comfort would not this simple apparatus 
produce in an English cottage, as a substitute for 
those ache-breeding, fuel-wasting grates, with gaping 
fines and buried in brickwork, that throw sway three 
fourths of the heat of all the fuel consumed in them ! 
The Ftemish fireplace may be described as a sort of 
raon^^l iiimace much used in Flanders, a century 
ago, to warm cabinets and Ubraries, and praiaed for 
saving fuel and possessing the properties of a " poele 
de fonte," without affecting the head by any emis- 
sion of carbonic vapour. Fig. LV. shows the front 
of the fireplace, and Fig. LVI. represents it in sec- 
tion. The width of the hearth, s, which is grated, is 
determined by the length 
FIG. LVI. ofthebilleti thehdghtof 

j^ the opening, i, of the fire- 
place, above the grate, *, 
is one-third more than 
the length of the grate. 
The depth of the hearth is 
one-sixth of its length. 
A circular iron frame, 
having a diameter one- 
tbird greater than the 
width of the hearth, is 
placed on a line with the 
faceof the jamb; and the 
spandrels are enclosed 
with brick-work so as to 
form the end of a small 
—vault, t, that extends back- 
ward to the wall of the hearth recess. At the crown 



of the arch, under the chimney fine, is an c^iening, 
n, 6i inches in diameter, for the paasaffe of the 
Bmoke into the flue. This is fitted with a damper, 
or register, n, made of a tile, or iron plate, that is 
drawn by the handle, o, backward and forward to 
open or shut the passage.* 

There is little doubt of the " power of the dranght," 
that was &med, in this fireplace, for bang able in all 
weathers to expel its own smoke from the fine, and at 
the same time heat the room better with the same 
quantityoffuelthananopenfirecoulddo. Thegrated 
hearth for wood fiiel may be reckoned a novelty bor- 
rowed from the Dutch stove, and the introduction of 
the "damper" did every thing that could be done 
with this apparatus for comfort and economy. 

Whether the Flemish furnace was the type, or an 



improvement on the celebrated Bath fireplace is un- 
decided ; but it is certain that both wanned the same 
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If the English apparituB was not in- 
Tented by some enffeier in the smoke endemic, that 
in certain winds drew tears from the stouteet eye in 
Bath, it wBB a faTouiite remedy with the local doctors ; 
and conttnned for a long aeriee of years to be consi- 
dered, throughout the western diatrictB, cot only the 
best, hnt the only, cure for an incorrigible chimney ; 
and it must be admitted that in numerous, apparently 
hopeless, caaet, the Bath fireplace did its bnstnesB 
effectually ; and where the floe was of a good height, 
it did wonders : the draught carried every thing 
triumphantly before it ; not only the smoke, but all 
the air in the room, whisked up the chimney with the 
velodty of a hurricane, followed by all the comfort 
at a speed as rafud. 

The constmcticffi of this apparatus, shown in I^g. 

LVIL and Fig. LVIIL, is easy enough. Into a hearth 

via. LTiii. reeeaa of any site fit a 

"hobbed grate," that flll§ 

?the whole width, and then 

close up the space betweeti 

the hobs and the mantel 

with an iron plate, b, so 

closely that no air can flow 

up the chimney except 

through the " niche," a, that 

is to he left inches high, 

measuring from the upper 

grate-bar, and as wide as the 

bars. No great nicety of 

dimension is necessary, an 

inch more or less need not 

be regarded ; spare not your 

coals, and if the chimney 

shaft ta of a fair height, you wUl have a roaring fire 

ditt will melt gold, and a room in which no comer 
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will be without its cutting current ; bo that whoever^ as 
Beresford in his " Miseries " expresses it, impelled 
by the *' merciless severity of the frost, comes near the 
grate, he will find his front fried and his rear frozen ;" 
and woe to the unfortunate wight who, being in- 
stalled in the seat of honour, may enjoy his dignity for 
an hour or two ; he will have to thank his good for- 
time, not his prudence, if he escape laying the foun- 
dation of inflammation, or of ache in every bone in his 
body. 

Effective as the Bath stove certainly was to cure a 
chimney and cripple its owner, yet there were rooms 
to be found in upper stories and garrets that were 
considered as beyond the reach even of its improving 
power, from which it is clear that the rationale of its 
action was imperfectly understood ; it is not, there- 
fore, surprising that failure in many of these cases was 
charged against the fireplace, when it ought to have 
been attributed to the malformation of the flue leading 
from it. Ths great width of the smoke canal, and 
its small height, permitting the descent of air from 
the top, the column of smoke rose in a flue nearly 
under the same circumstances, that it would have 
done had the fire been made in a field ; and the de- 
scending air mixing with the smoke, lowered its tem- 
perature, and thus destroyed its buoyancy. The 
heavy vapour in the flue during the swellings of a 
high wind was not only impeded in its sluggish pro- 
gress, but impelled in rolling clouds into the apart- 
ment, until the energy of the furnace reproducing for 
a moment the elasticity of the bituminous vapour, 
caused a fitful gleam of a smokeless chamber to 
soothe, as it were, the irritations of its unfortunate 
inhabitant. Wherever this fireplace was found, in 
a garret or in a parlour, it was a most voracious de- 
vourer of fuel ; and on this account alone a smoke 
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•do^or of.the bighest name dedared upon. his pro- 
iessional honour, that it was in truth " a monster/' 

It uxBy here be noticed that the appellation of a 
'''Bath fireplace/' in modem speech, is usually given 
to the lower half of the apparatus containing the coal 
box. This is a comparatively harmless mechanism, 
and may even be considered an improvement on the 
meagre grate or "cradell*' that was placed as far 
back in the hearth recess as the wall would allow, 
under an open, yawning chimney throat, for the 
pseudo Bath fireplace was sometimes brought so far 
into the room as to have the front of its bars on a hue 
with the inside of the chimney breast. The jambs of 
both sorts of fireplaces were at right angles with the 
back ; and in parlours and dining rooms they were 
lined with square glazed tiles, got from Holland, on 
which were daubed, birds, beasts, flowers, and other 
subjects of natural lustory, and Scripture pieces, on 
a white ground ; and, " there being so great a variety," 
says Sir Jonah Barrington, "the father or mother 
sitting in a winter'& evening round the hearth, with 
the young ones, explained the meaning of the tiles 
out of the Bible^ so J^tr itfae isi^ression was made 
without being considered a 4e8«on,.iJuid the child 
acquired a knowledge without being taught : so far 
.aa it went, this was one of the best methods of in- 
struction."* 

In the .fireplace described by Doctor Franklin, in 
1745, Prince Rupert's descending flue is cleverly com- 
bined with the caliducts in Cardinal Polignac's me- 
chanism. . A vjertical section of the Pennsylvanian 
fffeplace is. given in Fig.,LIX., a. horizontal sec- 
tioniu Fig^ LX., «nd a front view in Fig. LXI. The 
iron heartli,/> has a i^uare ppenii^g at cf, and another 
xatJf,§ot the "tcapbeUows." , Jji^iron case, or warm 
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air box, partitioned to form six tubes, or 'caliducta, 
is placed on the heartb, witb the opening into the 
lower cahdnct coinciding with the square opening d. 
The lower caliduct thus communicates with the air 



channel at one end, and with the second caliduct at 
the other ; the second opens into the third, and the 
last of the series opens into the room. An iron case 
surrounds the series of caliducts on the top, and three 
sides, and partly in front ; a space of 4 inches 
being left between the upper caliduct and the top 
plate, and the same space at the back; and the 
front plate that forms a sort of canopy over that 
part of the hearth on which the fuel is Ifdd, projects 
about 7 inches in front of the caliducta. The back 
of this outer case is detached about 3 inches from the 
wall m, before which it projects in the manner shown 



n tbe section ; this wall ia also 6 inches diatant from- 
the back of the hearth re- 

PIG. Lx. uggg^ jmj jg carried a few 

I nchee above the aoflite of 
mantel, where it re- 
'ea an iron plate, i, 
( that cloaea the smoke flae 
I towards the room, hut is 
I made moveable to allow the 
I flue being cleaned. Tbe 
space formed by this wall, 
and the hack of the hearth 
recesB is connected with 
the apace behind the caU- 
ducta by a curved cbannelj^ 
1, and a re^ater is also placed in the flue. 

FIG. LXI. 





The valve of tbe soufflet, fi, being raiaed, and tbe 
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fuel ignited, the flame and vapour rise into the 
space betHreen the top of the outer case and the 
upper caliduct, and fcdlow the current of air in the 
chimney downwards into the space between the cali- 
ducts and the iron plate ; and afterheating both mAts 
of the warm air canals, the smoke passes through the 
curved channel under the wall, m, into the fluey h. 
''^buiing this progress of th^- smoke, the external 
air rises from the channel, a, uncterthe heartkiivto the 
first oaliduct ; and in its <»)urse upwards, through the ^ 
series, TOceives at each step an increase of tempera- 
ture, until it issues, at the orifice in the upper cali- 
<luct, into the room. The smoke has also heated the 
front, top, sides, and back of the outer iron case, 
which being ifuulated from the jambs and back of 
the hearth recess, the air warmed by contact with 
these surfaces spreads through the apartment. 

The action of this apparatus, it is evident, depends 
on a steady current being preserved in the smoke 
flue. Where that is sluggish, or occasionally inter- 
rupted, at first lighting a fire, it is often difiicult to 
establish the " draught," and the smoke comes into 
the room ; and to prevent this requires a certain de- 
gree of skill not always possessed or exerted by ser- 
vants. To have the full eflect of the warmed external 
air, it is necessary also to keep the conducting surfaces 
free from all sooty coating ; but as the doctor frames 
his casing, it is very troublesome and difficult to clean 
the smoke channels ; even when, the driest fuel is 
used, they are soon choked up with sootwens. 

The next imperfection is common to the Franklin 
and PoHgnac fireplace. The hot air channels were 
considered to be essential for retaining the exter- 
nal air long enough in contact with the heated me- 
tallic surface to raise it to a high temperature ; but 
they nevertheless destroyed in a great degree the 
useful efiTect of both firqtlaces. In ''meandering'' 
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throi^h the caHdncte, the heated fresh air was de- 
pmed of its due velocity^ and thus a compsmixwlf' 
small portion wats^enntted into the apartment at a^ 
somewhat greater heat, instead of a large quantky 
having a lower and mote genial temperature. This 
dkranution of effect was most observable in the 
P&lignac fireplace. The acticm of the outev casing . 
in the Pennsyhranian apparatus was independent t of . 
the admission' of the warmed external air, and the 
heatmg efiei^t of its exterior insidated surfaioes beii^ 
nearly as great as that of a Dutch stove of the same... 
dimensions, the loss of effect from the meanderings 
of the heated air was not sO' obvious r 

In this design none of Dr: Franklin's usual origi- 
nality is apparent, yet every part exhibits* his . great . 
judgment and skill in turning all the heated sur-. 
faces to the best account. It was a fondling with the 
doctor, and in his old age he affisctionately csdla it 
"fny Pennsylvantan stove." The high opinion he>« 
had of its calorific powers may beleamed. front one 
of the ornaments with which he decorates the canopy, 
being a chubby-faced Sun ogling theepigra^ ai^ 
idem J* and modem experience corroborates all » the- 
advantages that the doctor at various times affirmed 
wexe to be obtained by the use of his fireplace^* 
It wanned the room throughout; so that every cor* . 
nor was as cozy nearly as the fire-side; the sight < of t 
the fire was not impeded' so much as it was on a^ 
common hearth ; the chimney was so entirely closed; 
up, and the warmed air from the caliducts so copiousy 
thttt 

"The icy fang 
Anflhthe>ckiueli8h<chi£ng of the winter's wind^ 
Wkick bites: and 'blows upon our bodies>" 

* Works, vol. ii. p. 94. 
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from crevices in doors and windows in all rooms 
heated in the common manner, was unfelt ; while the 
air of the room was continually changing, and aU 
this was enjoyed with a great saving in fuel. 

No one had a more hvely perception of the great 
henefit that even trifling improvements in the art > 
of managing fuel, and distributing heat for domestic 
purposes, confers on society. " Much more," observes 
the doctor, " of the prosperity of a winter country 
depends on the plenty and cheapness of fuel than is 
generally imagined. In travelling I have observed 
that in those parts where the inhabitants can have • 
neither wood, nor coal, nor turf, but at excessive 
prices, the working people hve in miserable hovels, are 
ragged, and have nothing comfortable about them ; 
but where fuel is cheap, or where they have the art 
of managing it to advantage, they are well furnished 
with necessaries, and have decent habitations. The 
obvious reason is that the working hours of such peo- 
ple are the profitable hours, and they who cannot have 
sufficient fuel have fewer such hours in the twenty- 
four than those who have it cheap and plentifiil . 
— for much of the domestic work of poor women, r 
such as spinning, sewing, knitting, and of the men 
in those manufactures that require httle bodily exer- - 
cise, cannot well be performed where the fingers are 
numbed with cold. These people, therefore, in cold - 
weather are induced to go to bed sooner, and lie . 
longer in a morning than they would do if they could • 
have good fires, or warm stoves to sit by, and their ; 
hours of work are not sufficient to produce the means 
of comfortable subsistence ;*'* and on the effects 
of the economy of fuel, even where it is abundant, he 
remarks, " that an Enghsh farmer, in America, who 
makes great fires in open chimneys, needs the constant 

* PhUosophical Papers, p. 37. 
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employment of a mim to cut and haol wood for supply- 
ing them ; and the draught of cold air to them is so 
strong that the heels of his family are frozen while they 
are scorching in their faces ; and the room is never 
warm^ so that little sedentary work can be done by 
them in winter. The difference in this article of 
economy alone, shall in a course of years enable the 
German who bums his fuel in a stove to buy out the 
Englishman, and take possession of his plantation." 

Notwithstanding its advantages, this fireplace was 
not naturalized for fifteen years after its invention. 
In 1753, Mr. Dumo examined a machine made wholly 
of cast iron, that had been constructed in Philadelphia, 
and sent to London as a model. Dumo essayed to 
improve the arrangement and adapt it to bum coals ; 
and erected one in his house as a specimen. Instead 
of the narrow passages for the smoke, which were ob- 
jectionable in the doctor's apparatus, he made a wide 
brick chamber, one side of which was formed by the 
cahducts, and arched it hke an oven, leaving a nar- 
row passage in its roof made of plate iron, in which 
was a register, that " might be turned to such a de- 
gree of vent as either to support or diminish the fire."* 
Mr. Dumo said, ''I am wilUng to give my ma- 
chine gratis, if ever the least smoke is perceived 
in any room where it is erected, unless it may hap- 
pen at the first lighting the fire, before the air in the 
funnel is put in motion, but I have never seen that 
happen ;" and from the conditional fairness of his 
promise, it is likely that he never would see a fire 
lighted where the result was doubtful. 

The apparatus was costly : he made three sizes, — for 
the largest he charged thirteen, and for the smallest 
seven guineas, which was 27 inches high, 17 inches 
wide, and 12 inches from back to front. The fuel- 

* Description of a New Inyented Stove Orate, p. 22. 
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boK or cHamber was 15 inches wide, 5| inches deep 
frbm the grating to the tOp bar, 5i inches from front 
to back. Tliis kept a room 14 feet square, (and 12 
high ?) at a temperature between 60** and 64^ when the 
thermometer out of doors was at 28° F., for 13 hours, 
with a peck of coals ; which, taking all circumstances 
into consideration, was a great performance. 

In reply to some objections made to his store, 
more particularly to the fact that it could not at 
all times be depended on for emitting its smoke, 
and advising a greater depth being given to the 
canopy, Mr. Dumo observed,* that the canopy was 
immaterial; and in ilTustration of his opinion, he 
notices a scheme practised among artizans who re- 
quired braziers to free their workrooms of the char- 
coal vapour. They made a hole, 8 or 9 inches square, 
in the wall, which communicated with an iron fun- 
nel several feet high, that was fixed on the out- 

PtG. LXII. 




side. The lower edge of this hole was on a line with 



* Appendix to Description, p. 6. 



tke top of thebn»er, which waaset-ag^mtit; and 
the BOKrice whb cairied as clear throogh the opeaiBg 
into the fcmnel, ae if a Iiood had be«n placed over it ; 
and the same thing, he- adds, ia seen in the Btorea 
about London, that are called " taphouse gntes;" 
wbich of all known methods of hurning fuel where 
the radiant heat only is desired, is the most simple 
and perfect — unapproached and unapproachable, ex- 
cept by a retnm to the hearth in the middle <^' the ' 
room, or to a fireplace like that in the great guard, 
room of Gonnisborough Castle. 

The opening, « e,'Of the hearth recess is built up, 
leaving an aperture, c, from 7 to 9 inches Ugh, and of 
Pto. LXIII. the width of the fuel grate. 

The back of the aperture joim 
the upright back of the flde - 
in a curved direction, as 
ahown in Figs. LXII. and 
LXI II .and its lower part near 
the fire, is lined with a plate ' 
of iron; or the back of 
the aperture is made slant- 
ing, as shown by the dotted 
hues, and liud with a fire- 
brick instead (rf the iron 
plate. The upper bar' of the- 
fuel grate, a, is level with' 
the sole of the opening, as in ■ 
F^.LXIII. "nie'-dranght" 
ia increased by lowering the height of the opening- 
over the fuel grate to bring the wr that enters the 
chimney^earer theliie; but when this height is less 
thto 7 inches the great velocity of the current into 
the ftue, eicites a combustion - so vivid, that house- 
keepers who look to the quantity of fuel consumed 
without referring to the quantity of heat thrown out; 
tlutdt it an extravagant burner, and prefer a 9 
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inch opening. When higher than this the current is 
so reduced in velocity, except when the fire is large 
and hums clear, that an accidental motion of the air 
from persons passing quickly in front of the fireplace, 
or opening a door, has a tendency to hring the smoke • 
and dust into the room, — an ohjection common to 
fireplaces on every construction. 
. The fireplace in the House of Lords was designed 
as an improvement on the Polignac apparatus. The 
outward air from helow the house entered under the 
iron hearth plate, which was formed with meanders, 
or "a recurved canal," and thence passed up the 
hack in like turnings and windings near to the top, 
where it divided, and entered two tuhes of cop- 
per, one placed on each side of the tunnel, of a suffi- 
cient length to reach ahove the cornice of the room. 
These main caliducts were then connected to other 
pipes, one of which was carried round the room and 
opened opposite the fire, and the other caliduct 
hranched off in an opposite direction; they were 
perforated, to let out the air. A valve was placed 
at some distance from the fire in each pipe, 
which was opened hy a thumh-latch, and the 
heated air was discharged near the ceiling from 
the perforated pipes ; so that it was next to an 
impossihihty to warm the house with the greatest 
fire that could he made in it. On this extraordinary 
arrangement Mr. Dumo ohserves drily, that it would 
have heen hetter to have discharged the warmed air 
from the hot iron hack plate, and then it would have 
ascended to the ceiling naturaUy without the aid of , 
pipes, and warmed the circumambient air. The . 
efifect expected from this chimney was preposterous, > 
for only 8 square feet of the surface of the hack ^ 
plate or caliducts was warmed by the fire. Some 
alterations had most likely been made on the apparatus ^ 
after its erection, by Dr. Desaguliers ; for he states. 
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that the air from his stove was difiiised throughout 
the house, and warmed every body ver}' comfortably.* 
The air to supply these fireplaces was not always 
taken, as in this one, from imder the floor, or at its 
level. In several constructed by Mr. Dumo, he says, 
that he followed a contrivance practised by Dr. Desa- 
guliers, to avoid the introduction of dusty air into 
the caliducts of a fireplace that he made for Lord 
Burlington. A flue was cut into the wall, which 
reached 26 feet above the floor, and opened at its 
upper end to the outward air, and at its lower end 
into the caliducts behind the fire, by which means the 
air that came into the room through the iron mean- 
ders had no taint whatever.^* 

This clever expedient is one that was recommended ■ 
by Cardinal Polignac, and which has been noticed in 
a previous page. 

By EngUsh improvers of chimneys, sea-coal is con- 
sidered the exclusive aliment of fire. The ancient use 
of wood for firing, that had lingered thus long in inns, 
was now giving way. A tourist describing the source 
from whence London was supphed with wood fuel, 
notices the decay in the supply and the cause. " We go 
over Shooter's Hill, he says, where we have a chalky soil ■ 
and far from rich, much overgrown with coppice wood , 
which is cut for faggots and for bavins, and sent up . 
by water to London. Here they make those faggots 
which the woodmongers call ostrey wood, and in par- 
ticular those small light bavins which are used in the 
taverns in London to light their faggots, and are called 
in the taverns a brush, and by the woodmen pimps. 
'Tis incredible what vast quantities of these were laid 
up at Woolwich, Erith, and Dartford, but since the 
taverns in London are come to make coal fires in their 
upper rooms, that trade declines.''^ 

• Coarse of Ezper. Philosophy, vol. it p. 686. 
t Durno. Description, &c. App. p. 7. 
t Tonr through Great Britain, p. 129. 
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When the dwellings in the time of King Williain' 
are compared with those of this period, the improve- 
ment appears very great. The anaztgement of the 
houses of the lower classes in particular was more con- 
venient, and their finishings and fomitmre incompara- 
bly neater and more comfortable. Carpets, that were 
the luxury of the wealthy, are now so common as to be 
spread on the stairs and passages in small tradesmen'^ 
houses. Doors and windows are much better fitted, 
casements are replaced by suspended sashes, and the 
fireplace and flue are beginning to attract a large share 
of attention. In general, however^ the construction 
of the houses has not kept pace, as far as the choice 
of materials is concerned, mth their decoration and 
furnishing. Walls, floors, partitions, roofs, and above 
all, their stairs and landings, are of combustible 
wood. Here and there a brick wall may separate con- 
tiguous premises ; but, in general, the bulk of the 
houses are without that protection, and whole neigh- 
bourhoods may be said to live in the dread of their * 
lying at the mercy of any drunken- fellow, or thought- 
less servant or child, not properly extingruishing a 
snuff of a candle, and exciting a conflilgration from 
which there was rarely any means of sudden escape, 
other than a fire-ladder;* and hence the distressing loss 
of life that aggravates the calamity of the frequent' 
desolating fires at this period, which made Bishop 
Berkley, in his ingenious-and benevolent queries, com» 
pare such houses to fire-ships; and streets andtowns^ 
as so many squadrons and fleets of them met toge&er 
for the certain purpose of nratual destruction. 
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ESSAY X. 

It has been remarked that most diseases in all 
countries have external, and for the greater part re- 
movable causes ; but these being familiar to us are, 
in the common bustle of life, overlooked or under- 
valued, and though all may regard, them as injurious 
to their comfort, few will believe they have power to 
ruin their constitutions. 

The action of contaminated confined air has been 
seenamong the most potent and insidious of morti- 
ferous agencies. Any addition to the natural atmo- 
sphere that we breathe, must be a deterioration, and 
absolutely noxious in a greater or less degree ; and 
health, says Thackrah, would immediately suffer, did 
not same vital conservative principle accommodate 
our ^mctions to circumstance and situation. But 
this seems to get weaker from exertion. The more 
we draw on it, the less balance it leaves, in our favour. 
The vis vita, which in. a more natural state would 
carry the bo^y to seventy or eighty years, is prema- 
turely exhausted;* and like the gnomon shadow, 
^hose motion no eye can perceive, but whose arrival 
at a certain point in a 'definite time is inevitable, the 
latent malaria, which year after year seems to inflict 
no perceptible injury, is, yet hurrying the bulk of 

* The SIEeoto of Arti aad Trades on Health, p. 30. 
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mankind with undeviating^ silent^ accelerating, ra- 
pidity to an unripe grave. 

Pure air is the food designed by nature for the 
constitution. Man subsists upon it more than upon 
his meat and drink; and there are numberless instances 
of persons living for months and years on a very 
scanty supply of aliment, but no one can subsist for 
a few minutes without a copious supply of the aerial 
element. It ought also, in reason, to convince us, 
says the indefatigable Hales, of the great import- 
ance that plenty of fresh air is to our welfare, when 
we consider that the great Author of Nature has 
allotted near one half of the trunk of our body for the 
office of respiration or breathing only ; were an ani- 
mal to be formed of the size of a large house, we are 
well assured, by what we see in other animals, there 
would be ample provision to furnish it with a con- 
stant supply of fresh air by means of large lungs 
formed to inspire and breathe out air in the manner 
ventilators do;* and it cannot be an unprofitable 
project to furnish houses with the wholesome breath 
of life in exchange for the noxious air of confined 
places, which is the occasion of disease and death to 
multitudes. 

The want of house lungs must have been felt in every 
community, and it has been noticed in a previous 
Essay, that, as a means of cure, an ancient phy- 
sician endeavoured to ventilate rooms by thorough 
"draughts ;*' and Celsus recommends a large room 
for a person ill of fever, or a small fire to be made in 
it to clear the air. The ancient baths had a contri- 
vance in the roof to regulate their temperature, and 
perhaps their ventilation, and similar openings it is 
probable were not rare in private rooms, where num- 
bers were congregated; biit the schemes practised 

* Description of Ventilators, p. 39. 
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at all times in Eastern countries to change the air, 
must he considered more as means to cool than 
purify the apartment. Mines were sometimes venti- 
lated hy a fire suspended in the middle of the shaft, 
to create a circulation and '' draw up " the foul air ; 
and Agricola, in his hook De Re Metallica, descrihes 
a mechanical contrivance for injecting air into them 
by means of a rotary fan; large bellows had been 
used with the same intention. 

In Enghsh houses there seems to have been no 
other ventilating process except to open a door or a 
window, or a hole in the wall, or ceiling ;* and it was 
in tliis way that Sir Christopher Wren attempted to 
ventilate the House of Commons. At each corner of 
the house, in the ceiling, he made a large square hole, 
which was the bottom of a truncated pyramid, that 
was carried 6 or 8 feet into the room over the house, 
and could be opened or shut perhaps with a sort of 
lid. Through these holes the breath of the people 
below, and the steam of the candles, issued into the 
room in which the pyramids were placed. But it 
often happened, that when the pyramidal funnels 
were opened, the air above, being colder and denser 
than what was in the house, descended through the 
pyramids and annoyed the persons that sat beneath 
them. 

Dr. Desaguliers, who was called upon in 1723 to 
remedy the inconvenience, discharged his commission 
with great ingenuity, and so as to retain the pyramids 
and the roof in the state they were left by Sir Chris- 
topher. 



* Unless it were to get rid of bugs and their effluvia, that infected 
to a nauseous degree even the cleanest houses from the prevalent 
use of wainscot linings. In this case, Hales says, that iu London and 
in the country, houses were Aimigated by the use of a large iron pipe 
or tube 6 Inches in diameter, standing without doors on a proper 
stove, with brimstone and charcoal burning together, and the ftunes 
were conveyed up in at the window. — Des. of Ventilat, p. 64. 
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He built two closets, one at each end of the upper 
room, between the pyramids, and leading a trunk from 
the pyramids to the square cavities of iron liiat w^it 
round a fire-grate fixed in tha closets, as soon as a 
; fire was lighted in the grates the air came up from 
the house through the heatedcavitiesinto the closets, 
and so went away up their chimneys.* 

Fig. LXIV.. will give a notion of this arrang^nent ; 
c c are two of the pyramids^ e e two pipes leading 






from them to the fire-grate, aAd o its chimney. The 
heat of the fire rarefying the air in the iron cavities, 
as x,3i current was produced in e and e, and the air 
-from the p3rranuds flowed at x into the closet, r, and 
thence into the chimney, b. 

. In 1727 the -doctor designed a machine for the 
Earl of Westmoreland, to clean a mine of foul air, 
whether of greater or less specific gravity than the 
atmosphere. It consisted of a triple iron crank, a 
foot long, working three copper-barrelled pumps, of 
18 inches internal diameter, which by means of 
three regulators were alternately applied, to force air 
into a place, and extract it through trunks or pipes 
that were 10 inches square in the inside. The 
engine worked with a great deal of ease, and there 
being little atmospheric pressure or weight to.be 
removed, and only "tiie {wstGoice :£*om M^on in 
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giving B moderate velocity to the air ia the pumps, one 
man was able to discharge 10 cubic feet in a minute. 

Seven yearB aflerwarde he exhibited to the Bojal 
Society a model of a machine for " changing the air 
of the room of sick people in a little time, rather 
by drawing out the foul lur or forcing in fresh ur, 
or doing both HuccesBively, without opening doors 
or windows," which be thought would be of great 
uae in all hospitals and prisons, and also serve to 
convey ^r into a. distant room, " nay, to perfume it 
occasionally." 

The wheel shown in Rg. LXV. and Rg. LXVI., 
is described to be 7 feet in diameter and 1 foot wide. 



The 12 radjatdng partitions, a a, approached to within 
9 inches of the axis, leaving a circular opening, g, IS 
inches in diameter. The wheel was enclosed in a con- 
centric case, i, which had a'" blowing pipe," m, on the 
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upper part of its circumference, and a suction pipe, n^ 
that conimunicatedbyafunnel,«?,wit1itlieccntral open- 



PIG. LXVI, 




ing, z, in the wheel, which was turned by a handle, e, 
attached to the axis, c, that went through the case and 
rested on a standard. The " fanner" was adjusted to 
revolve easily, but as closely to'its concentric casing, t, 
as possible, and it had no communication with the air 
except through the suction and blowing pipes. By 
the revolution of the wheel, the air entering through 
the central opening into the spaces, r r, formed by the 
radiating partitions, was thrown by the centrifugal 
motion towards the circumference, where it was con- 
fined by the concentric casing, and carried round 
until it arrived at the opening odf the blowing pipe, m, 
into which it was impelled by each radiating partition 
in continuous revolution. When the suction {Hpe, n, 
was open to the atmosphere, or to a space con- 
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taming heated air^ and the blowii^ pipe connected 
wilh a room^ the apartment was filled with cold, or 
with heated air, in any desired quantity^ hy increasiBg 
or dimimshing tiie speed of the wheel. If foul air had 
to foe drawn out, the suction jftpe was connected with 
the room, and the blowing pipe with the atmosphefe; 
and when it was not required either to draw out foul 
or introduce fresh air, but to keep the air i^ the room 
in mation only, the suction and blowing pipe both 
opened into the apartment. 

The thermo-yentilator at the House of Commons 
became an object of hostility to an individual whose 
fedings and "perquisites'' had been hurt by its 
erection. Mrs. I^nith, the houseke^ier, not hking to 
be disturbed in her possession of the rooms of whidi 
she had the use, did what she could to defeat the 
operation of the yentilating closets ; and her perse* 
rerance and ** science '' enabled her not only to baffle 
the good-natured j^ilosoph^r, but to stand clear from 
the reproof of the " House" itself, that she diumally 
stifled. Mrs. Smith's system of tactics was formed on 
tiie negative principle, and " she carried her point by 
not haying the fire lighted imtil die House had sat 
for some time, and was very hot ; for then the air in 
the closets descended into a rarer air, and it became 
hotter instead of cooler. But when the fire was 
lighted, before the meeting of the members, the air 
ascended into the closets and out of thdlr dumneysy 
and continued to do so the whole day, keeping Ihe 
house very cool." * 

Sir George Beaumont, and some other member* 
''observing, that the design of cooling the house was 
frustrated, in 1736, asked me, said the doctor, if I 
could not find some contrivance to draw the hot and 
foul air out of the House by means of some person 

• Coime of Nat. PhU. vol. 11, p. W7.* 
E 2 
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that should entirely depend upon me ; which I pro- 
mised to do, and effected, calling the wheel a centri- 
fugal or blowing wheel, and the man that turned 
it a ventilator. . This wheel, in some things like 
Papin's Hessian bellows, differs much from it; bjeing 
more effectual, and able to suck out the foul air or 
throw in fresh, or to do both at once, according as 
the Speaker is pleased to command it, whose order 
the ventilator waits to receive every day of the ses- 
sions." 

The doctor does not state what the dimensions of 
this apparatus were, but refers to his model, which is 
shown in Figs. LXV. and LXVI. in a previous page. 
The necessity of some means of airing ships also was 
at this time forced upon the attention of Govern- 
ment by the bad health of the troops that were em- 
barked at Spithead to proceed on an expedition 
against the Spaniards. Numbers were relanded, and 
sent to the hospitals for fresh air, and the ships 
'^stimk to such a degree that they infected one 
another." 

'' The Lords of the Admiralty applied to Dr. Desa- 
guliers to show them the model of his centrifugal 
wheel and air pipes ; and after the exhibition, some of 
them went to see the operation of the wheel fixed 
over the House of Commons. Sir Jacob Ackworth, 
the Surveyor of the Navy, attended them, and seemed 
to approve the machine as much as they did ; and 
the doctor was ordered to make a blowing wheel, with 
its pipes, to be tried on board the Kinsale, at Wool- 
wich, but less than that at the House of Commons, 
that it might not take up too much room in the 
ship." • 

The doctor, with his machine and carpenter, were 
in readiness at the time appointed — but Sir Jacob, 

« Conne of Nat. PhiU toI. IL p. 568. 
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who did not attend, delegated another officer to wit- 
ness the experiment. 

This ventilator was a small affair, for the suction 
and blowing pipes were only 3 inches by 5 inches in 
the clear; but, nevertheless, the smoke that had been 
made in the carpenter's room with pitch and other 
smoky substances, was drawn as black as from a 
chimney above deck with a few revolutions ; and on 
the valves being reversed, it forced the air between 
decks with the same energy. All the persons present 
commended its operation; and the Knight himself, 
at an interview with the doctor, seemed to have so 
good an opinion of it — that he graciously informed 
him he should not require his attendance at the next 
experiment, which could be performed by the car- 
penter, Kembel Whattley. 

On this occasion, says Mr. Whattley, in a letter to 
the doctor, "when Sir Jacob came on board, he 
was very complaisant to me, and asked me if I was 
the person appointed by Doctor Desaguliers to 
attend him in order to try the experiment of the air 
machine, and I told him I was. Then said he to the 
men, hoist the windsails; and the windsails were 
hoisted. Now says he to me, we have cut two scuttle 
holes at each end of the ship, and you shall see what 
the windsails will do; it is our old way when at 
sea. I was then called for, to see that the wind 
sails would blow out a candle at one of the scuttle 
holes. Now, said he, I would have you work the en- 
gine, and see whether that will throw out so much air 
as our windsails you see do. Lord, Sir, said I, that I 
ima^ne was not the intent of the thing ; it was to 
draw out the foul air from any part of the ship that 
there were tubes to convey it from. It is impossi- 
ble that a thing which is but 3 inches by 5, should 
throw in as much air as a thing 2 feet 6 inches in 
diameter. So we talked awhile, and at last he told 
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me that lie could not ttay — ^but that he had thought 
80 before, and that he was sorry that the machine 
would not do : Fny, Six, said I, let there be a gieat 
smoke made in the carpenter's store-room, and see 
whether the engine or yoor windsails will destroy it 
first. Then he told me that he could not possibly stay; 
but that gentlemaa there, said he, pointing to a pretty 
lusty man that was present, shall be with you, and he 
and you may try the machine as you please; and I 
shaH think the same of it from his report, as if I were 
present. So, Sir, it was then left to the gentleman and 
me to try it ; and I burned the pitch in Uie carpenter's 
store-room, and made a great smoke, and ordered the 
engine to be worked^ and it drew it out in less than 
five minutes time. Then I turned the valves and 
brought in fresh air; and, as I thought, it gave the 
gentleman entire satisfaction. We then made as 
great a smoke as before, and put down the wind- 
sails^ and the smoke was driven into several parts of 
the ship ; and that not in half the time that your 
engine did it in, and then it went out above deck. 
Sir Jacob told me afterwards, that he was sorry 
that the doctor's wheel succeeded no better, but he 
thought it might be a very pretty thing in a house ! 
Sir Jacob desires his humble service to you ! " And 
shortly after Sir Jacob finally gave what Mr. Cobbett 
called the " shuffling kick " to the centrifugal ven- 
tilator, and its accomplished contriver. 

Whattley's long story is very instructive, as a 
history of the good old official manner of passing 
judgment on an invention. " Not one of the Lords of 
the Admiralty, who talked of having many of the ven- 
tilators made for the preservation of the health of the 
persons then going to Jamaica, condescended to wit- 
ness one experiment ; and Sir Jacob, who condemned 
the thing, would not once be present to observe its 
operation. But thus ended my scheme, says the 
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doctor, which I hoped would have been of great 
benefit to the public."* 

Mr. Samuel Siitton was a brewer, who, touched 
with compastton for troops in such unhappy circum- 
Atances as were those lying at Spithead, " felt himself 
obliged to do all that was possible for their reli^:" 
and sustained by this laudable motive, and on ac- 
count of the great benefit that his apparatus was 
c a lcul a t ed to confer on mankind, and to the navy. in 
particular, he underwent all sorts of slights and 
humiliations to get it introduced into vessels of war. 

In his narrative, Mr. Sutton gives a very circum- 
stantial history of the origin and progress of his 
'^syst^n;'' the principle of which he discovered 
by accident. Finding on one occasion, when he 
had stopped the air out of a room that had three fire- 
places, and making a large fire in two of them, that 
he could bring the wind down the third chimney 
with such force as to put out a candle, he concluded, 
that a fire being always kept on board ship, and a 
pipe or cavity made to the well, one end of it being 
heated by fire, a change of air would foUow, and by 
this the air in it would be rendered sweet and pure, and 
fit for respiration ; and from that time he made it his 
business to consult officers and sailors of the navy 
concerning the importance of ventilation. '' 1 parti- 
cularly remember,'^ he says, " that being at a coffee- 
house near the Admiralty, I placed myself nigh some 
gentlemen of the navy, and inquired of them, as I had 
before of others, as to the usefulness of a change of 
air : all, to a man, acknowledged it would be of the 
utmost service. I told them I could procure it : upon 
which one of the company went to another table, and 
the rest foUowed him ; and I heard him tell the others 

• Course of Nat. Phil. vol. 11. p. 568. 
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that lie heartily pitied me^ as being really mad and 
out of my senses."* 

From this anecdote it is evident that, although sane, 
Mr. Sutton, was an aspirant for the patronage of the 
Admiralty, of a different order to the sensitive Desa- 
guliers. ITie interview that he solicited was, however, 
granted by one of the " Lords," who gave him a let- 
ter to Sir Jacob Ackworth ; and on presenting it, a 
meeting was appointed five days afterwards, at seven 
in the morning. Mr. Sutton was pimctual, but the 
Elnight, immersed in business, detained him in wait- 
ing until the evening, when a short colloquy took 
place. *' Sir, 1 suppose you intend to throw air into 
the wells of ships ?" — "No ; I propose to draw it out 
by means of fire." — " Do you know how far you are 
to draw it out ?" — " Not 6 inches ; for if I can extract 
it ever so small a distance, the incumbent air will 
press forward, and cause a constant change. I hope 
you will appoint a time for an experiment to be made 
of my scheme ?" — " No experiment shall be made, if 
I can help it," muttered Sir Jacob. 

Noway heart-fallen by the Knight's resolution, Mr. 
Sutton petitioned " their Lordships," and obtaining 
an order to make an experiment in a ship of war at 
Woolwich, he proceeded forthwith to erect his appa- 
ratus ; when one morning, as the plumber had the 
grozing iron in his hand to complete it by finishing 
two joints, an officer made his appearance from head- 
quarters, fiunished with peremptory instructions to 
take down the ventilating apparatus and plug up the 
holes. In this discom-aging predicament Mr. Sutton 
introduced himself to Dr. Mead, physician to the King, 
who lent a friendly ear to his story, and brought Mr. 
Folkes to favour the project. The doctor read an 

* Historical Account of a New Method of Extracting Foul Air 
p. 5. 
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account of the invention to the Royal Society, and 
applied to Government in Mr. Sutton's behalf; who 
was thereupon ordered to try his apparatus in a 
hulk at Deptford. In September, 1741, the Lords of 
the Admiralty, and a great many other persons, met 
to witness the experiment, when Sir Jacob was 
pleased to say, in the hearing of them all, ''I am 
sorry you are come to see such a foolish experiment, 
that I tried myself yesterday, and it would not shake 
a candle/' Mr. Sutton, feeling the strength of his 
friends, and chuckling over the Knight, retorted, " It 
would be in good hiunour to-day, and every one of 
the pipes would bhw out a candle." 

The best proof of all being satisfied with this exhi- 
bition, was an order to fix a ventilating apparatus in 
the Norwich man-of-war, about to sail for the coast 
of Guinea ; and it was, perhaps, with an eye to the 
possibility of Sir Jacob exerting his intermeddling 
propensity to keep things in the '' old way," that in 
Sir Charles Wager's instructions to the commis- 
sioner of the dockyard, it was expressed that Mr. 
Sutton " was to meet with no obstruction or discou« 
ragement from any body that may think themselves 
wiser." 

To boil the provisions of the ship's company, there 

was a copper fixed in the 
brickwork, with a door to the 
fireplace, as shown in Fig. 
LXVII., Fig. LXVIIL, and 
Fig. LXIX. Mr. Sutton en- 
closed the ash-pit, «, with 
a door also, and laid small 
^— pipes, r, *, t, through the 
sides, and opening into the ash-pit under the fire-grate; 
to these pipes others were joined, which were carried 
to the bread room, orlop and well, and other parts. 
When the fire was lighted under the boiler, and the 



FIG. LXVII. 
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ash-pit door, z, shut, tlie air rushed through the 
1^8, r, s, t, to supply the combustion^ and drew aU 
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the stagnant air from those parts of the ship into 
which the pipes were carried : and this current con- 
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tinned after the fire under the boiler was extinguished, 
as long as the materials of the fireplace were heated. 
By this means all the foul air in the ship was inces- 
santly carried through the pipes into the fire, and 
thence by the chimney above deck, and its place was 
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occupied by the fresh idr from without. lu the Mp 
there was also an open grate, or range, b, Fig. ikXVIII. 
and Fig. LXIX. ; and that its heat might be turned to 
account, Mr. Sutton j^aeed two pipes, a, a, behind the 
grate, which were carried about 30 inches above the 
upper grate bar, where they opened into the flue, r. 
At their lower end they were attached to other pipes 
that were carried into another part of the ship. These 
pipes got very hot at their upper extremity ; a strong 
current upward was thus produced in the pipes con- 
nected with them, and drew the stagnant yapour from 
the places into which their lower ends were inserted ; 
and by these simple means, a most salutary change 
of pure air was introduced in places wherein hitherto 
the air had been stagnant and offensive. 

Dr. Hales, distinguished for his ingenuity in expe- 
riment, had written to Dr. Martine, who was at- 
tached to the armament lying at Spithead, to suggest 
a method of fumigation, should infection make its ap- 
pearance during the expedition. The doctor's atten- 
tion being drawn to the subject by this correspondence, 
mechanical ventilation afterwards occurred to him as 
a means for preventing the effects of malaria among 
mariners ; and he read an account of a perflating ap- 
paratus of his contrivance, before the Royal Society, 
about two months after Dr. Mead described the " Sut- 
tonian system.'' And shortly after, he was applied to 
by the Government for some information regarding 
his ship's lungs, and desired to fix one on board 
the Captain, a seventy-gun ship, as an experiment : 
this was in progress when Mr. Sutton's pipes were 
demolished. The ventilator is shown in Fig. LXX. 
and Fig. LXXI. The box, or outer case, a, was 10 
feet long, 4 feet 3 inches wide, and 13 inches deep 
inside. The mdijf, or valve, a?, was framed of wood, 
and fixed at one end to the case by strong iron hinges; 
and a slip of leather was nailed over the whole length 
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of the joint, to make it air-tight. The midrif moved 
easily upwards and downwards, as near to the sur^eure 



FIG. LXX. 




of the outer case as possible without occasioning any 
resistance from friction. An iron rod, o, was fixed about 



FIG. LXXI. 




6 inches from the moveable end of the midrif, which 
had a joint made like two links in a chain^ to allow it 
to preserve its perpendicular position in the motion 
caused by the rising and falling of the midrif. The 
upper end of this rod was attached to a lever, n, 12 
feet long, that moved on a pivot at t, and which was 
worked by two men. The valves, e e and u «, each 
22 inches long, 6 inches deep, and suspended by cop- 
per hinges, were an inch broader and longer than the 
openings ; and their borders, as well as the corre- 
sponding borders of the valve openings, were lined 
withhst, or woollen cloth, to deaden their noise when 
falling. There was a large aperture, r, in a box which 
covered the emission valves, u u, from which the air 
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was conveyed by a pipe into the part of the ship that 
was to be ventilated. 

The construction of the ship's lungs differs little 
from that of the common bellows. The operation is 
nearly the same. The air enters by the valves, e e, 
which are hinged to open inwards ; and is emitted at 
each rise and fall of the midrif through the valves, u u, 
hung to open outward into the box, z, from which it is 
conveyed through the tube, r, to the parts of the ship 
that are. to be ventilated. 

The doctor calculated that this machine would expel 
a tun of air at each stroke, or six tuns a minute, by two 
men working at the lever, n n, and that the air issued 
from the aperture, r, with a velocity of 25 miles 
an hour; but as the openings at which it was ad- 
mitted to the deck had an area of 105 feet square, the 
current was so gentle as not to be perceived. But 
by hingeing the midrif he diminished the effect of 
his ventilator one half, when compared with the air- 
pump of Desaguliers ; and modem experience would 
not, perhaps, rate its effect at more than two fifths of 
the doctor's estimate. He describes other combina- 
tions of his ship's lungs on a smaller scale, and with a 
horizontal movement of the midrif. All are simple, 
easily constructed and repaired, but have now rather 
a historical than practical value. 

Sir Jacob superintended the experiment in the 
Captain ; and as the doctor makes no complaint of 
the "dock-yard bear," it is likely he behaved with 
more impartiality on this than on other occa- 
sions. In his treatise, the doctor combats some ad- 
verse opinions, without formally stating them to be 
those entertained by the Knight. As to the labour 
and difficulty of working these ventilators, which is 
the principal objection urged against them, says the 
doctor, how frivolous and groundless is it when the 
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matter is emisidered ! Thesy are diiefly wmofted where 
there is a great number of men« If two nueii can 
hold to woik them for a quarter of bb hour, four men, 
bf changing hands, spell and e^p^, as they term it^ 
may weU work for an honr. And suppose there are 
five hundred men in a Mp, and each one tdcee hie 
share, then once m ftfe days it will come to each 
man's trice to work an hour. But suppose a fifth of 
the hands be deducted for officers and sick, and the 
ventilators be required for half the lame only they are 
on board, each man will not require to work half an 
hom: in eight days. Is not the benefit proposed, the 
ssring of life, a sufficient reward for so small a 
pittance of labour i It is well known that all must 
poish in a ship, if they will not be at the pains to 
work the pumps at proper times ; and should not the 
same motive of self-preservation induce them cheer^ 
ffdly to work the ventilators ? One would think it 
needless to use any arguments to make men follow so 
easy and certain a way to preserve their own lives and 
that of their comrades. I cannot believe, continues 
the doctor, that men will choose to sicken and <^ in a 
steiich in an old experienced way, when they have it in 
their power to prevent it by rational and effectual 
means ; or that the British sailor, rather than pull his 
hand out of his bosom, and work for an hour once in 
ten days, will choose to lie down, and suffer his brave, 
manly spirit to be sufifbcated in a frowsy stench that 
has destroyed the lives of millions of the stoutest and 
bravest.* 

It is not, according to the doctor, ventilating a ship 
with a windsail when the wind and weather wiU per- 
mit, that will suffice. A gentle supply of fresh air 
is not necesssary only now »id then, but incessantly, 

* Description of Vestilatorti p. 36. 
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in £he same manner as animals are supplied therewith, 
whether sleeping or wakvng, if a due regard he had 
to the health of the mariner. It is for want of being 
thoroughly sensible of the vast quantity of rancid 
noxious vapotu^ which are incessantly exhaling from 
a great number of live human bodies confined in a 
close place, that makes many apt to imagine it to be 
sufficient for health, if such bad air be ventilated 
away, and exchanged for good air, at the distance 
of many days between each ventilation; and it is 
through the same ignorance that others are not to be 
persuaded that such ur is unhealthy, when they aie 
warned by its ofifensive smdl ; and though the offen- 
siveness does much abate by use, that makes it more fa- 
tal, by rendering it more insidious. Windsails, that have 
been used time out of mind for freshening the spaces 
between decks, are very imperfect ventilators, for they 
cannot be let down in bad weather, when the hatches 
must be shut, at which time they are most wanted. 
They also admit such large volumes of cold air, that 
they cannot be introduced to those spaces where the 
men are asleep ; nor into many parts of hospital ships, 
without incommoding the sick ; nor into places where 
its admission should at all times be regulated with 
reference to its temperature and moisture. Ventila- 
tors are of infinite use, not only when the ports are 
shut, but in a calm, when windsails are useless, and 
would often preserve the lives of animals that are 
destroyed in the voyage, when it is necessary to keep 
the hatches closed.* 



^ Sir Martin Trievrald, military architect to the Khig of Sweden, 
fai the spring of 1741, invented a macUne to draw ont the bad sir 
from under the decks of the Swedish ships that blockaded St. Feten- 
bnrgh, whidi it did at the rate of 36,172 cubic fteet of air in an 
hour ; and in October following, he had a patent granted to him by 
the King of Sweden. In the summer of 1/42 one of his engines for 
a sixty-gun ship was sent to France, which being approired by the 
Royal Academy of Sciences, the French men of war, says Sir Martin, 
were ordered to be Aimished with them. In the same year every 
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Dr. Desaguliers was displ^eased, that all mention of 
his blowing wheel should have been omitted in the 
" Description of Ventilators." I hope, he says, that 
Doctor Hales will be rewarded as he deserves for such 
a noble proposal; for his ventilators, if used, will save 
the lives of thousands who perish by breathing un- 
wholesome air every year. Or if he find a combination 
against him, as I have done on the same occasion, he 
still will be commended by wise and good men, which 
is a reward in the midst of disappointment. As I 
have made experiments these twenty-eight years, upon 
purifying air, conveying it from place to place, and 
changing it for the advantage of those that breathed 
in close places to the detriment of their health ; and 
still, to use the vulgar expression, have been jockied 
out of my project, I should have felt it a sufficient 
reward, if the doctor had mentioned ever so slightly, 
that I had made some experiments that way — nay, 
though he had said, that my blowing wheel which he 
had at Teddington to make trial of, did not blow 
nearly so strong as his bellows, and therefore must be 
much worse: but I believe the doctor was in such 
haste to publish his ventilators,* that this omission 
was pure forgetfulness. On the same occasion, Mr. 
Sutton, with little grace, also expressed surprise, 
that no notice was taken of his system of '^ ven- 
tilation by fire," by the candid author of the De- 
scription of Ventilators. But Mr Sutton, in his turn, 
forgot to mention Desaguliers, of whom both he and 

Swedish man of war and hospital ship was equipped with his ventila- 
tors, in consequence of its being observed that the preceding year was 
a very sickly one in the Swedish fleet, except in the ships that had 
been famished with his experimental ventilators. In hospitals and 
barracks for the sick, Sir Martin placed them in the garret, fh)m which 
two or three pipes went down several inches through the celling into 
each room where the sick lay, and drew out the corrupted air. In 
men of war and hospital ships he placed the ventilator on the upper 
deck of the great, or any other hatch, and the suction pipe was 
carried down between decks, which effectually cleared them of stag- 
nant air.**~Hale. Des. of Ventilators, p. 12. 
* Coarse of Nat. Phil. vol. U. p. 560. 
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Dr. Hales were not imitators but unacknowledging bor- 
rowers, for the ship's lungs did not differ much frpm 
the machine designed for Lord Westmoreland, and 
the fire ventilator was a variation only of Desagulier^' 
fiirst method of ventilating the House of Commons. 

Soon after the sailing of the Norwich, Mr. Suttoii 
petitioned for " a suitable reward for his useful inven- 
tion, reasonable satisfaction for his trouble, loss of 
time to the neglect of his other affairs, and expenses 
in the execution." All his applications to the Navy 
Board remaining unnoticed, and being "justly moved 
at the cold and unkind treatment he met with, he 
freely expressed his sense of their hard usage, in a 
petition to the Lords of the Admiralty, in which he 
stated, that he found to his extreme surprise that he 
was not hkely to receive any reward, nor his Majes- 
ty's sailors any benefit from his invention, though 
it is universally acknowledged, more of them have 
lately died in America for want of good air than 
by the Spaniards." This petition was treated as- un- 
courteously by the Admiralty, as the others had been 
by the Navy Board. In the meanwhile the Norwich re- 
turned to England, and her captain, knowing perhaps 
the unfavourable feeling towards the ventilators in 
influential quarters, stated that he was obliged to 
" stop up two of the air pipes that were put on board, 
because the fire came down between decks. The other 
pipe to the well was kept open, but the ship making 
water enough to keep her sweet, he was not able to 
judge of their use, having been so healthy as to bury 
only two men, all the time he was on the coast." A 
copy of this truckling statement was given to Mr. 
Sutton, as an answer to all his petitions. 

Mr. Sutton had now, however, something to stand 
upon. " This good health," says he, " was more extra- 
ordinary than had ever before been known. The people 
at Barbadoes on that account doubted, whether the 

VOL. II. F 
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Norwich had been at Guinea or no. The gentleman it 
seems lost so few men, that he could not discover the 
usefulness of my pipes ; but had he lost the greatest 
part of his crew, I dare say he would have been able 
to judge, that my pipes were of no service at all ;" and 
he appealed to Sir Jacob himself to do him justice. 
"Honoured Sir,*' writes Sutton to the Knight, 
" when a scheme is proposed for the good of man- 
kind in general, and the preservation of the lives of 
his Majesty's subjects in particular, it is a matter of 
great consequence and importance that a strict in- 
quiry should be made whether it will effectually answer 
the end proposed. I entreat you to be so good as to 
inquire whether the apprehension that my pipes will 
expose ships to the danger of fire be not entirely 
groimdless, as your declaration on this point, in my 
favour, would have great weight." Sir Jacob was 
silent. 

The letters that Mr. Sutton addressed to the Earl 
of Winchelsea also had lain unanswered; but he now 
memorialized his lordship again on the unfair report 
of the captain of the Norwich, and pointed out, that 
although two pipes were stopped, not only one to 
the well, but two others had always been in operation. 
He allowed their lordships little rest, when, two 
years after his experiment at Deptford, he teased 
them into issuing an order, stating that, as the venti- 
lating machine " does not, in all respects, come up to 
the expectation, and that the use thereof is dangerous 
and liable to accidents by fire, yet as he has employed 
a great deal of pains and time about the invention, for 
the benefit of the navy, and being desirous to give 
encouragement to persons who shall turn their 
thoughts to any inventions that may tend to the ad- 
vantage of the navy," they gave him a hundred pounds 
for his loss of time and expenses. 

Mr. Sutton accepted the money, exclaiming against 
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the injustice of government for making such a paltry 
compensation ; which he attributed to the ascendancy 
of Dr. Hales's ventilators in the esteem and regard of 
some leading persons in the affairs of the navy : 
had his scheme been perfection itself, he says, it 
would have been dismissed with an inadequate remu- 
neration. 

If he was disappointed in this matter, he was a little 
while afterwards gratified by his rival's apparatus 
also falling into disfavour. '^ That darhng scheme/^ 
says Mr. Sutton, " is now out of date and exploded. 
Far be it from me to insult and triumph over a con- 
quered adversary; and it is needless, as well as cruel, 
to spend much time in confuting a scheme that ex- 
perience has shown to be absurd and ridiculous. 
The doctor's ventilators are cumbersome machines 
and require many hands to work them ; mine require 
no manual labour at all. His ventilators have only 
a casual and uncertain, mine a certain and uninter- 
rupted effect ; his ventilators, he tells us, will keep a 

prison sweet, mine will sweeten even a house ; 

and as my scheme surpasses his in all these respects, 
80 his is dead and buried without any hope of a re- 
surrection, whilst mine rises in its reputation daily."* 

The hundred pounds were certainly intended not 
only to settle the projector's claims for contrivance and 
labour, but also as a final negative to the introduction 
of his ventilators into the navy. Mr. Sutton did not 
choose so to consider it. He was indefatigable, as a 
one-idea man commonly is, to benefit mankind, with 
a keen regard, however, to his own advantage : and 
in spite of their lordships' unfavourable opinion, he 
began afresh to press the merits of his ventilators 
upon their notice, and left no stone unturned until he 
succeeded in having them fixed in several vessels of 

» 

* Hist. Account, p. 39. 
F 2 
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war; and, when he had succeeded thus far, he was 
equally industrious in procuring and displaying testi-^ 
monials in their favour. Among others. Admiral Bos-* 
cawen, after a long voyage, reported that his squadron 
and troops were surprisingly healthy, which he partly 
attributed to the air pipes fixed in the ships purifying 
the air between decks, and he recommended them to 
be placed on board of men of war in general. 

In a few years after this Mr. Sutton had overcome 
all obstacles and triumphed over all rivals. Inspired 
by his ruling " patriotic " motive, he tells his steady 
patron. Dr. Mead, that at last the Navy Board had 
contracted with him, to fix his engine on board of all 
ships, whether laid up in ordinary or in commission. 
" And as I well know," says Mr. Sutton, " the warmth 
of your heart for the good of our country, you will 
readily concur with me in making acknowledgments to 
these honourable gentlemen in the name of the public,*' 

Mr. Sutton was employed for a brief space in fixing 
his apparatus both in king's ships and in Indiamen. 
But the naval portion of mankind have at all times 
been thankless, as well as ungrateful, to improvers. 
The boon of freedom from infection that he ofiered 
to confer upon them, under his patent, for so small 
a sum as thirty pounds, was refused, and in a yeat or 
two no other method of ventilation was known on 
board ship but the " old way" by windsails. 

Notwithstanding this indifference among naval 
men, both at head quarters and afloat, the fate of the 
seven line of battle ships sent to blockade the gal- 
leons in the ports of Spanish America was still fresh in 
pubhc memory, and might, perhaps, have prompted a 
more prudent conduct. Through disease and mala- 
ria Admiral Hosier, a brave and experienced seaman, 
buried his ships' companies twice over ; and, instead 
of coercing the Spaniards, they defied and insulted 



61 

him. When recounting what he ought to perform 
with his well-appointed, but nerveless armament, he 
compared his position and disappointment as its chief 
to that of a giant, who, at the moment he is about to 
grasp his antagonist, feels his feet slipping on a heap 
of quicksand. Yet two years before this calamitous 
expedition was undertaken, Dr^ Desaguliers had 
shown a way how to purify such a mass of corrup- 
tion as the atmosphere of the House of Commons, 
and his blowing wheel was in operation three years 
before the disastrous expedition to Carthagena 
Covered the country with disgrace and sorrow. No 
means of ventilation, except windsails, were placed 
at the'disposal of Admiral Vernon, to avert or alleviate 
any of the mortality that was anticipated from mala- 
ria in these pestiferous climates. On that, as on 
former occasions, the panting mariners saw their 
comrades in hundreds suffocated with a frowsy stench, 
with barely strength left to themselves to remove the 
dead. Windsails were found to be totally useless. 
Hales also notices their inutility in preventing the 
scenes that at this time horrified humanity, in the 
terrible middle passage. Could a highway be 
formed between the Gulf of Florida and the Gold 
Coast, it might be covered with the bodies of pagan 
Africans, murdered by suffocation in Guineamen, and 
thrown overboard by the christian kidnappers. 

The expedition to attack the Spaniards in the 
Pacific was lying at Spithead, when Hales and Sutton 
made their experiments in the national arsenal, and 
established the eflSciency of their methods of purify- 
ing the air in vessels of war ; but Anson's little fleet 
was allowed to slip their cables, furnished with wind- 
sails only. The Centurion, the commodore's ship, 
had four himdred men on board when she sailed 
from England ; of this gallant band, but two hun- 
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dred survived when she reached Juan Fernandez, 
of whom eight only were capable of duty ; and 
had she continued a day or two longer at sea, she 
must have been without strength to carry her to 
her anchorage, and have been placed in the situa- 
tion of the Oriflamma, a Spanish ship, on her passage 
from Manilla to Acapulco, in which the whole crew 
had perished from disease, and she was discovered, 
with all the dead bodies on board, drifting to and 
fro on the ocean. On one occasion the captains of 
the squadron represented to Anson that their ships' 
companies were very sickly, and that it would tend 
1;o the preservation of the men to let in more air be- 
tween decks, but that their ships were so deep they 
could not possibly open their lower ports; on which 
the commodore ordered air-scuttles to be cut in 
each ship, where they would be least weakened. 
The mortality that these expedients were not suffi- 
cient to prevent, was surely a deep reproach on 
the Government of the day; and the author of 
the eloquent and affecting narrative of Anson's heroic 
enterprise remarks, '' that if the motives of humanity 
were insufficient to prompt the preservation of the 
health and lives of seamen, a regard to the success of 
our arms, and the honour and interest of each parti- 
cular commander, should urge, in all quarters, a 
careful and impartial examination of every probable 
method for keeping a ship's crew in health and 
vigour. But hath this always been done ? Have 
the late invented plain and obvious methods of keep- 
ing our ships sweet and clean, by a constant supply 
of fresh air, been considered with that candour and 
temper which the great benefits they promised ought 
naturally to have inspired ? On the contrary, have 
not these salutary schemes been often treated with 
neglect and contempt, and have not some of those 



63 

that have been entrusted with experimenting their 
e£fect8 been guilty of the most indefensible partiality 
in the accounts they gave of such trials. I own I do 
not believe this conduct, opposed to the strongest 
dictates of prudence and humanity, to have arisen 
from motives so savage as the first reflection thereon 
does naturally suggest; but I rather impute it to an 
obstinate and in some degree superstitious attach- 
ment to such practices as have been long established, 
and to a settled contempt and hatred of all kinds of 
innovation, especially such as are projected by lands- 
men and persons residing on shore." 

Mr. Sutton tried to ventilate buildings on the same 
principle, and erected his apparatus in two churches, 
and in a public room, it is said, with much success. 
While he was engaged on the latter, a catastrophe 
happened at the Old Bailey, that he attempted to 
turn to good account.* Urging the lamentable loss 
of life as produced from the putrid air in the prison, 
he endeavoured to get a trial made of his ventilator, 
in one division of the building: and his appli- 
cation was well received by two aldermen, who 
promised to be his friends on the occasion, and 
bring the matter before their influential brethren; 
but no further notice was ever after taken of his 
proposition or of himself.f Sutton's ventilating 



* During th« seMioiu, in 1750, a sickening nauseous smell was 
experienced by the persons in court, and within a weelc after, many 
who had been present were seised with a malignant fever. Among 
those who died were the Lord Mayor, the two Judges, an alderman, 
a banister, several of the Jury, and forty other persons. It was 
remarkable that the prisoners, who communicated the infection, were 
not themselves ill of fever; and it was still more remarkable 
that none of those who were ill of it, to the greater number of whom 
it proved mortal, communicated it to their families or attendants, 
which showed that persons who were treated in clean and airy 
^MTtments, as those were who fell victims to it, do not communi- 
cate the diseaJM to those in the constant habit of attending to them. 
-^Blaine. Select Dissertations, p. 210, 

t Dumo. Appendix to Description, p. 5« 



labours seem to have been altogether forgotten, 
when Mr, Adam Walker, a popular lecturer on 
philoaopbj, revived the method of tfaermo-Tenti- 




lation, without referring to any previous attempts 
that had been made in the same way. He pn^ 
fesBed to ventilate, aa well as heat a bouse, without 
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expense, by a kitchen fire, and an apparatus that 
notwithstanding its economical fallacy is not wanting 
in ingenuity. 

In the Fig. LXXIL, m represents a part of a kitchen, 
n a room over it ; a pipe, t i, passes from the box, a, 
through the wall of the house into the kitchen flue, x, 
'where it is joined at w, to the pipe, «,' which rises in 
the flue to the level of the garret floor, where it ter- 
minates in the ventilator or triangle, z. A short 
pipe, 0, with a valve that opens near the ceiling, is in- 
serted into the pipe, sj a, pipe, e c, connects the pipe 
8 with a, and a valve is placed at ir. 

If the room, n, is to be ventilated only, the valve^ 
10, is placed to prevent any communication between 
the pipes e and t, and the valve, o, is opened. The 
fresh pure air that enters through the perforations in 
the bottom of the box, a, will rise through the pipe 
t, into the pipe t, that is laid behind the skirting, 
and flow out at the numerous small holes made all 
along its length into the room, to replace the 
vitiated air that flows through the short pipe, o, into 
the ventilator, z. If the room is to be heated as well 
as perflated, a valve at u prevents the air rising in t, 
and it flows along e into c, where it ''should be 
heated by the smoke," and the valve, to, being regu- 
lated to hinder its ascent, the air finds its way 
into the room through the perforations in the pipe t, 
near the floor, and escapes through o into the venti- 
lator at z, but which is used occasionally only 
when extraordinary ventilation is required, as the 
usual circulation is produced by the rarefaction in the 
pipe s,* 

The ventilator is shown in Fig. LXXIII. Its base is 
36 inches long, 12 inches wide, formed circularly, as 
shown in the figure* On this is fixed the triangle k, 

* Philosophical Estimate, p. 34. 
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33 incliesLlong and 12 inches broad^ each side with 
a hole 2 inches in diameter ; from the smnmit of the 
triangle a moveable wire, k, is suspended, to which two 
leathern valves, h, p, are attached. — ^These hang open 
when the machine is not in action. The triangular 
pendulous box, d b, is suspended from the summit 
of the triangle. It is closed every way except at the 
two valves, h, p, and at the bottom, which is open, 
but the lower edges of its ends and sides fit closely, 
so that when the box vibrates backwards and for- 
wards no air escapes from its interior except through 
the valves d,b; a pipe, z, conducts the air from the 

FIG. LXXIII. 




pipe, s, in the flue, into the triangle. As the sus- 
pended box is swung from d to b, the valve h is 
shut and p open, and the valve b is shut and d open : 
the air from the pipe, z, flows through the valve, p, 
into the triangular box, and the air on the other side 
of the triangle flows out at dj when the motion is 
reversed, the valves p and d are shut, and h and b 
open ; the air that had risen from z, now flows through 
b into the atmosphere, and the vitiated air from g 
flows into the side, h, into the pendulous box, and 
80 on.* 

* If, Baya Hr. Walker, the gentle reader's curioiity is excited 
to Icnow what is the use of the box, a, (in Fig. LXXII.) since the 
pipe might have opened at once to the atmosphere. ** he may he 
told that it is to contain certain ingredients for purifying the 
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The mortality and disease that Mr. Howard found 
prevailing in every prison of the kingdom were at- 
tempted to be removed in 1775, by empowering the 
magistrates to order the ceilings and walls of such 
buildings to be ''scraped and whitewashed once a 

•no, Lxxiv. , ^, ^ . . ., ^ 

air, which are principaily what nature naes for the 
same purpose, but they are too cheap to be objected 
to by any one, and I hope," he says, " that the world 
win not think me churlish in concealing this part, 
or in the measures now taking to secure an exclu- 
sive right in the disposal of them.'* What the 
purifying ingredients were he did not disclose, but 
he said that boxes of aromatics and perftimes, or 
roses might be used instead. He thought his ven- 
tilators might be moved by the wind, if a sail, n. 
Fig. LXXIV. were rigged to a mast, S, and fixed at 
X, to the pendulous box. " As the wind is by inter, 
vals less and less, so it will affect the sail, and make 
the mast nod a motion which will make the pendu- 
lous box move to and flro, as if it were done by 
hand." 

In the case of a defective supply of idr to the fire from the close 
flniibing of rooms and windows, Mr. Walker suggested the use of a 

FIG LXXT. 
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hdUow fender. Two holes, fig. LXXV. a, t', were made through the 
wall at the comers of the hearth,/, in which he fixed tubes 4| inches 
by 2i inches in the clear, and as long ^ to reach to the face of the 
Jamb, or to the front of the fender, e. The fender was made hollow, 
and perforated with small holes along its inner face, near the top, 
in front of the fire. Two openings were made at the bottom of the 
fender for it to slide on these pipes about an inch where they came 
through the wall. This formed a communication with the external 
idr, which fiowed through the perforations on the fire " in the most 
friendly direction possible, without giving cold or offending any per. 
son in the room." 

Should the chimney be in an inner wall, or Join a neighbouring 
house, the air pipe may be conveyed behind the skirting to the fen. 
der from the outside ; or where the room is over a cellar, a hole is to 
be cut through the hearth in which a metalUc cullender is to be 
placed to divide the stream of air, so that it shall rise in the most 
favourable way into the fire, as well as prevent the cinders falling 
into tile air channel.— Fhil. Estimate, p. 28. 
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year at least, and supplied with fresh air by hand 
ventilators or otherwise/' because, as the act expresses 
it, " the malignant fever, commonly called the gaol 
distemper, is owing to a want of cleanliness and fresh 
air." These hand ventilators are not described. If 
not large fans, they were probably some variety of 
Dr. Hales's ship's lungs. Their occasional use only 
seems to have been enjoined. 

The philanthropist's benevolent suggestions on the 
subject of ventilation were confined to relieving the 
morbid effects of foid air by apertures made in or 
near the ceiling of each room, through which the 
breathed air might escape and fresh air enter ; and by 
an improved method of hanging the sash on a pivot, 
so as to have, when open, a slanting direction upwards, 
in order to turn the entering current of fresh air 
towards the ceiling, but without any view to its regu- 
lation as to temperature or quantity. 

These contrivances were seldom effectual. Other 
methods were tried, and occasional fumigations, as 
heretofore, were considered more efficacious in neu- 
tralising the effect of putrid air than the introduc- 
tion of pure air by windows and tunnels. The im- 
provements recommended by Mr. Howard had been 
introduced into the prison at Maidstone, but it con- 
tinued to be infested with pestilential fever, until 
its surgeon hit on a method of purification, which 
effectually eradicated the contagion for a period. 
An account of his process was sent to every prison 
in the kingdom, and it may therefore be considered a 
favourable specimen of the most popular method of 
ventilating such places at this period. 

To exhaust a ward of foul air, Mr. Day " preferred 
the method of rarefaction by boiling lime, and boiling 
vinegar alternately used, to hand ventilators." It was 
thought necessary to wash and scrape the walls of the 



69 

cells, and before the fumigation, to have every aper- 
ture communicating with the internal part of the 
prison, closely shut, while all the openings next the 
external side were left open ; that as the foul air was 
rarefied, and passed out at the upper part of the open- 
ings, fresh air might be admitted at the lower part. 
Mr. Day then took of rue, wormwood, sage, lavender, 
mint and rosemary, each a handful, and put them 
altogether into a gallon of the best vinegar, and let it 
boil, and while boiling, threw it on the ceiling and 
walls, and all parts of the room, by a garden engine, 
that had a fan or rose to divide the liquor into small 
streams. After which, the room was well dried with 
a brasier, while the window next the external air was 
open, and aU the other apertures shut ; a little cam- 
phor burning in a fire-shovel, being carried into it, 
the operation was finished.* When it was required to 
operate on the air only, Mr. Day altered his garden 
engine to pump up boiling hme water into a small 
reservoir that had a perforated bottom, through which 
the water fell in showers into the trough, as long as 
the pumping was continued ; and during the opera- 
tion, the machine was wheeled to the dififerent parts 
of the room, that the shower might pass through as 
much of the confined air as possible ; and over each 
bed, and such parts as it could not be wheeled to, a 
man was directed to force away by a large fan, the air 
of such spots towards the purifier, " to make room for 
that which had been corrected." 

This machine was used daily in the building, and so 
refreshing, says Mr. Day, were the showers of hme- 
water, that all declared the effect resembled the 
earth being cooled, in a sultry hot day, by a hasty 
shower of rain ; and from a strict observance of these 
methods of fumigation, washing the walls and ceilings 
with boiling lime, throwing quicklime from time to 

« Some Considerations on Removing Infectious Airs, p. 50. 
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time down the necessaries and along the drains, fre- 
quently changing the linen and clothes, having a con- 
stant attention to cleanliness, and washing the men 
daily with warm suds, and drying their clothes every 
week upon an oast with sulphur, and giving them 
nutritive food, the contagion, says the surgeon, was 
totally eradicated. But, in spite of this successful 
result, he had misgivings about the specific virtue 
of some of his disinfectants. *' I am very doubt- 
ful,'' he says, " with regard to many substances, 
burning either in flame or smoke, whether they 
have any effect further than as being instrumental 
in forcing out foul and letting in fresh air, and there- 
fore, if proper attention be not paid to the shutting 
and opening of the different openings, these fumiga- 
tions are in a great measure of no effect, and render 
the included air more unfit for respiration."* Yet 
with this impression, which must have been that of 
the profession generally, no attempt was made in any 
quarter to obtain the effect of all these laborious and 
expensive operations by the simpler and more effective 
process of Desaguliers and Sutton. 

St. Thomas's Hospital was ventilated by Mr. White- 
hurst, of Derby, some time about 1784. In every 
second window, about an inch and a half of each 
pane in the bottom of the upper sash was cut away. 
A frame of glass, nearly two feet in width, was set 
across the window, resting upon the top of the lower 
sash, and fastened to it by hinges. The frame moved 
on the hinges, so as to make a greater or less angle 
with the window, and by that means admitted more 
or less air at pleasure ; and the air which entered be- 
tween the sashes was directed by the frame toward 
the ceiling, and diffused through the rooms without 
any perceptible current.f 

* Considerations, &c., p. 56. 

t Observations on the Ventilation of Rooms, p. 21. 
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Among the deyices that he recommended for ad-^ 

mitting air into rooms where it was not convenient to 

make perforations in the walls, three may be noticed. 

The first was, introducing the air between the foldf 

ing of the sash frames, by cutting 
away about an eighth of an inch 
from the frame, and leaving the 
whole substance at each style. 
Raising the sash five or six inches 
above the sDl, and applying a 
board at the same distance to 
direct the stream of air towards 
the ceiling. Or he left an open 
spacC) c, between the upper part of 
the architrave, o n, (as in Fig. LXXVI.) surroimding 
the door and the wall, on each side, and likewise an 
open space between the casing and the lintel. The 
air then descended in the space between the archi- 
trave and the wall on the outside of the door, and as- 
cended between the architrave and the wall on the 
inside, in a perpendicular direction. 

About 1 785, a ventilating contrivance, borrowed from 
a French frigate, began to be introduced into English 
vessels of war.* It consisted simply of square wooden 



* Blaine on Diseases of Seamen, p. 266. 

Some of the good effects this helped to produce is apparent firom 
a reference to the health of the navy before its introduction. In 1 779, 
70,000 seamen and marines were voted by Parliament ; of these 28,592 
were sent siclc to the hospitals, or 1 in every 2*4. In 1784, of 85,000 
men afloat, 21,371 were sent ashore sick within the year, or 1 in 4. 
But in 1804^ when perhaps the ventilators were formed in most of the 
ships, of the 100,000 men of which the navy that year consisted* 
11,978 passed through the hospital, or 1 only in 8*3. A still more 
extraordinary example of the effect of improvement in naval ventila- 
tion is afforded by the Glatton, a transport, equal in tonnage to a 
sixty-four gun ship, that was ventilated under the direction of Count 
Romford and Sir Gilbert Blaine. Air tubes, like those which have been 
described, passed firom the places where the prisoners were to sleep, 
alongside of the ship to the open air ; and a narrow opening amid- 
ships, the whole length of the upper deck, protected by a covering, 
in form of a pent-house, a few inches above it, to prevent rain or other 
things from falling into it ; and scuttles were made in the sides to 
open and shut according to the weather. She sailed from Portsmouth 
on the 23d of September, with 400 prisoners, besides 31 women and 
children, and a ship's crew of 170 men— in all 601 souls on board, and 
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trunks (for which brass tubes were afterwards substi- 
tuted), running from the hold or lower deck, and ter- 
minating in the open air. The great importance of 
these will be obvious, when it is recollected that in 
this deck there is neither hatchway nor ladder, and 
that the sleeping places are under it. 

Among the improvements made in the Bank of 
England, a novel sort of stove attracted much attention. 
One was placed in the centre of the hall, and one in 
each of the principal offices. They difiused a gentle 
heat, and great curiosity was excited respecting the 
means by which it was produced. No fire was visible, 
and as there was no appearance of chimney or flue, 
it was conjectured that the smoke was consumed 
within the small domes with which each of the stoves 
was terminated, or that the element was fed with 
some material which could undergo combustion with- 
out emitting noxious vapour. It was, however, a 
modification of the German stove, now called the hall 
stove, in which the draft was downward, and the 
smoke conducted under the floor. Though much 
admired for its elegance and ingenuity, loud com- 
plaints were made, that the warmth emitted from the 
surface of the cast iron was unwholesome, and that 
the air of the room was not changed and purified as 
it would be by a common fire, and that it produced 

she passed Portsmouth on the 22d of September, 1803, in proceeding 
up the Channel to the Downs, having circumnavigated the world in 
364 days, without losing a single s^lor, or touching at any port for 
seventeen weeks and five days in her homeward voyage. 

About 1 796, fire-places of cast iron were substituted for those of 
brickwork, as formerly constructed. It was long after this that Sir 
Robert Sappings introduced his improvemeni of obliterating the ca- 
vities under the floor of the hold, which used to be the receptacles of 
filth, and all manner of vermin, dead or alive, proving perpetual 
sources of foul air, and of offensive and noxious exhalations. He 
also left intervals between the timbers of the frame, to main- 
tain a constant communication between the open air and the hold, 
and spaces between the decks. A more recent improvement, 
although a very simple one, has had much influence on the purity of 
the air. This is the illuminators, or bulVs «y&«— thick spherical 
portions of glass inserted in the ports and decks, for the admission 
of light in bad weather, when all the inlets of light and air are barred 
lip. They supersede the use of candles in the day-time, which tend 
to contaminate rapidly the air already too close and foul. 
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disorders in the lungs^ and had generated a new dis- 
order, or the iron cough,* These stoves were removed 
in 1787, and their places supplied with others which 
had their fireplaces open. In the discarded " hawk 
and hem stove/' the air was heated on the external 
siirface only, which never was raised to a visible heat ; 
in the new apparatus two stoves were placed back to 
back, and a case of meanders, which must have been 
always white hot, was set between them, into which 
the cold air, drawn from a crypt beneath the pave- 
ment, was admitted, and flowed through openings in 
its sides, into the hall. The sight of the fire, however, 
was so salutary, that the roasted air which was emitted 
from the stove in copious streams, so abated the symp- 
toms, that the iron cough, under the steady exhibition 
of this medicine, finally disappeared ! 

Although a trifling improvement only was made in 
existing buildings by the introduction of air channels, 
Mr. Howard's suggestions determined the principles 
which were followed in the erection of new places of 
confinement. In these it was endeavoured, by a struc- 
tural arrangement, to facilitate the passage of air 
through them in straight lines, from one extremity to 
the other, and its free passage into and through every 
apartment. With this view, the rooms were placed 
on one or both sides of a gallery which was open at 
each end : an aperture made in the wall near the ceiU 
ing of each room, opened at right angles into this long 
passage, and a similar aperture was made in the op- 
posite wall from the room into the air. In this arrange- 
ment there was no obstruction to the freedom of the 
atmospheric current, and it was thought the air moving 
with greater velocity through the long passages, would 
of necessity carry along with it the weaker currents, 
passing at right angles from the rooms. After a trial 

* Gentleman's Magazine, vol. Iviil. p. 209. 
VOL. II. O 
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for nine years in a prison^ in which 1,300 persons had 
been confined, and during which there occurred three 
very severe winters, the mortality was reduced under 
the average of that of the district. Sir George Paul 
therefore concluded, that in a room in which there 
was no fire, having from 52 to 57 superficial feet of 
floor, and containing from 415 to 439 cubic feet of air, 
and built with brick and arched over, so that no air 
could enter but through openmgs provided for it, and 
ventilated by opposite apertures near the crown of the 
arch, and a window made so as not to close accurately, 
the body of a person sleeping under a proper allow- 
ance of woollen bed-clothes, will so &r warm the 
atmosphere around him, or so little of the heat gene- 
rated in his body will be carried off by the surround- 
ing air, that he will not suffer by a current passing at 
a distance over him, provided the apartment be free 
from damp. The thermometer was never observed to 
be below 38° in the middle region of a cell in which 
a prisoner was sleeping, whereas in the ordinary apart- 
ments of a dwelling house, water frequently freezes 
by the bed-side; and Sir George thought that, as far 
as regards warmth and ventilation in such cases, no- 
thing farther was to be desired.* 

But in this way of looking at the matter, the brick 
walls, and ceiling, and door, and window might have 
been altogether excluded from consideration — for, 
with " a proper allowance of bed-clothes," a person 
may sleep on the snow in the open air, or, like the 
inhabitants of the polar regions, in a room with the 
walls and ceilings formed of blocks of ice, with the air 
at a temperature under zero. 

There seems, however, reason to suspect some fal- 
lacy in the indications of his thermometer, or that the 
ventilation was not so perfect as he thought it was ; 

* Bepertorjr of Arts, vol. II. p. 988. 
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for it is not easy to imagine how a room^ freely com- 
municating with the external air^ could have a mini- 
mmn temperature of 38°. And a modem physician 
might also consider the ultimate effect on the con- 
stitution of an inhahitant of Sir George's beau-ideal 
sleeping room not to be quite so salutary as he 
stated it< 

The free ventilation^ or the transverse passage of 
outward air, that satisfied Sir George in the sleep- 
ing room, he admitted to be inconsistent with the 
general warmth required in rooms occupied by the 
sick, and in all day rooms for the healthy, in cold 
weather. He also found, that channels in the ceiling 
or walls for the escape of foul air, unassisted by a 
power more constant and decisive than the relative 
specific lightness of that air, was not sufficient to pre- 
serve a healthful respiration in the crowded wards of 
an hospital; and he therefore accelerated the draft, or 
determination of air to the ceiling, by an increased 
degree of rarefaction, produced by means of a fire. 

The method Sir George recommended and practised 
was the same as that followed by Mr. Sutton. An air- 
tight channel or funnel was 
made in or near the ceiling 
of the room to be venti- 
lated; this tunnel was 
brought to terminate in the 
ashpit, immediately under 
a fire in a grate so enclosed 
that no air from the room 
in which it is placed, could 
enter it. 

It is shown in Fig. 
LXXVII. in which a is the 
ashpit, b, an opening lead- 
ing into it from the channel 
in the ceiling of the iroom 
o 2 
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that is ventilated ; e, & door encloBiog the aahpit ; d, 
another door in front of the fire-box, and e, a cover 
enclosing the upper surface of the fire; /, an opening 
for the smoke, when the doors and cover are shut ; 
and ff, a damper closing up the flue of the chimnej 
towards the room, and opening that between the aper- 
ture,/, and the flue. When this apparatua was used 
as a ventilator, the doors, e, d, and cover, e, were shut, 
and also the damper, g. The air therefore flowed 
from the aperture in the ceiling of the room into 
the channel that led it through the opening, b, into 
the ashpit, to supply the fire, and it passed through 
the smoke opening,/, into the flue of the chimney. 

The ward of the hospital over which Sir George 
fixed his apparatus, contained 18,000 cubic feet of 
space, and was filled with patients, and which, in 
spite of all former means, had always been remarkably 
offensive, was in a few minutes perfectly relieved of 
contaminated effluvia, without any increased current 
being perceptible," 

It was about this time, perhaps, that Mr. William 
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Strutt, of Derby^ revived the method invented by Mr. 
Evelyn^ in which the natund method of ventilation 
was inverted. He admitted the fresh air at the 
ceiling, and the vitiated air was drawn off at the 
floor, but by what particular means has not been 
stated. 

This ventilation by descent, has been noticed by a 
competent authority as being a " noxious fallacy. The 
mephitic exhalations from our lungs^having a tempera- 
ture of 98% rise and occupy the upper part of the room. 
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In 1820, Mr. London adapted Sir Geoi^e's 
method to destroy the offensive e£Savia pro- 
dacedin some manufacturing processes, such 
as soap-boilinff and taliow-melting. The 
boiler was set in the usual mariner, and the 
ashpit of the fireplace was formed to be per- 
fectly closed. The lid of the boiler fitted very 
tight, and a pipe which rose firom it was car- 
ried into a channel that opened into the 
ashpit ; as the foetid exhalations evaporated 
from the matters in the l>oiler, they were 
conducted by the pipe in the lid, into the 
channel and ashpit, and through the fire into 

the smoke flue. The room in which the most offensive process 
was going on, was free from smell, and by the same simple and 
easy means the neighbourhood was delivered from what had been 
an intolerable nuisance. 

By the same method of rarefaction, Mr. Tyers, in 1821, purified 
some wards in Haclmey workhouse that had been long most ob- 
noxious from stagnant vapours. 

A few years ago, some small houses near Glasgow were ventilated 
In a similar way. A long building that served for dwelling houses for 
500 workpeople, was ever dirty and ill-ventilated, and frequently 
visited vnth fever in its most fatal type. Along the ceiling of the 
coiridor, which runs the whole length of the building, and on one 
side of which the entrance doors to the lodgings are placed, BIr. 
Fleming placed a large iron tube, shut at one end, and open on 
the other, where there was a valve, at its connection, with the great 
chimney shaft of the mill. From the side of this horizontal pipe, 
opposite to each apartment, a tin tube, 1^ inch in diameter, branched 
off at a right angle, and entered through the wall, so as to pre- 
sent its open end immediately over the bedstead of each room. 
Whenever the steam-engine was stopped, either at meal hours or at 
night, the mechanism which shut the fire damper was so con- 
structed as to open at the same instant the valve at the inner end of 
the corridor pipe, whereupon a brisk current was established in 
each tube in each room, and a stream of air rushed from every apart- 
ment into the chimney. Since the introduction of this powerful 
83rstem of ventilation, the factory houses have been free from pes- 
tilential fever.— Ure. Philosophy of Manufactures, p. 894. 
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and^ if forced downwards by any means^ must inevi- 
tably be breathed again and again by the inmates, be- 
fore their particles can be discharged at the level of 
their legs and feet, in defiance of the laws of specific 
gravity ;** * and this opinion accords with every the- 
oretic deduction ; yet Mr. Strutt's anomalous method 
in practice preserves an agreeable and salubrious at- 
mosphere, and the heat is even more equably diiFused 
than with an upward current. On the small scale, 
in which only we have seen it, it appeared, notwith- 
standing the cogent reasons against its principle, to 
be, in many cases, the preferable mode ; particularly 
where dust was reckoned an annoyance. 

Instead of the rarefaction of the air being produced 
by a fire, as in the preceding examples. Dr. Anderson, 
in 1800, described a method to ventilate, through 
summer and winter, by the sun's heat only. 

The Fig. LXXX. 
represents a section 
of the building to 
which the doctor ap- 
plied it. a, a wall 
enclosing an inner 
room, b, has 
an aperture or 
air-hole, in each 
of the sides, 
placed a few 
inches above the 
floor, and fitted 
with a valve to 
close or open it 
at pleasure; e, 
a passage continued round the inner room, from 4 to 



FtO. LXXX. 




* Ardiitectaral Magaslne, vol. v. p. 33. 
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6 feet wide> with its floor 12 inches lower than that 
of the inner room, and a few inches above the level 
of the ground. The external wall enclosing the 
passage, has an air hole made in its north side imder 
the threshold, fitted with a valve. The entrance to 
this space is by a door, s, in the north wall, and op- 
posite the door, /, to the umer room, as shown in 
Yig, LXXXL, which is a ground plan of the dairy. 
Another door, to the passage, made from the ante- 
room, k, is to be used in winter, when the external 
door is kept closed. 
The outer roof is slated or tiled, and the inner 

FIG. LXXXI. 
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roof formed of lath and plaster, and both are to be 
made perfectly air tight. The window in the inner 
roof, and that over it in the outer roof, are fixed and 
also made air tight. The space between the roofs 
gradually diminishes till it terminates in the wooden 
chimney or ventilator, h This pipe on three sides 
is made of wood coated with plaster; the fourth 
side, placed towards the south, is of glass, puttied 
so as to be air tight. It is a parallelogram, hav- 
ing the widest side from east to west. Its widest 
side may be 2 feet, its height not less than 6 feet ; 
the higher it is its effect wUl be greater. Fig. 
. LXXXI L shows it in section on a larger scale. 
It has a valve^ m, near the top of the tube, which 
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FIG. Lxxxii. shuts out the external air *, another 

valve is placed at n, and opens or 
shuts the communication between 
the inner room, and the ventilator 
and passage; the valve, o, closes 
the way between the ventilator 
and the room. The ventilator is 
covered with boards, to prevent the 
entrance of rain, and the air escapes 
at its eaves. 

When the sun shines on the glass, 
it heats the inside of the tube along 
its whole length, which warming 
the air within it, gives it a tendency 
to ascend, with a velocity propor- 
tioned to the length of the tube, and 
the difference of temperature between the air within 
and without. If the valve, m, be open, this heated 
air will rise through the holes made under the eaves 
of the ventilating tube, and an upward current from 
below will then be produced. When the valve, o, is 
raised, and the opposite valve closed, the air rises from 
the inner room only, and is replaced by the fresh air 
from the passage, flowing through the air channels 
near its floor ; and if the valve, o, is closed, and the other 
open, the ventilation takes place in the passage only, 
and the external air enters by the air-hole under 
the threshold. If the valves, o and m, be closed at the 
same time, no ventilation can take place from below, 
but a circulation will go on in the passage, while the 
air in the inner room will be in a state of repose. 

In summer, the valve, n, will be generally open, 
and the valve, o, shut, to let the air heated in the 
passage escape ; but in winter, the valve, n, will be 
generally closed to retain it, by which means the tem- 
perature is equalized. In the day-time, durinjg winter. 
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the valve, m, is kept shut, and n is open ; then there 
is a circulation of the warmed air in the tube, which 
extends to the air in the passage.* 

By a similar method, cellars, vaults, and confined 
rooms might be ventilated at a trifling expense in all 
seasons. The ventilating pipe, says the ingenious 
doctor, may be carried up on the outside of the south 
wall, and attached to it so as to be made of consi- 
derable breadth and height, without being liable to 
accidents from winds: From the vault, or cellar, to 
be perflated, a pipe or funnel may be carried into this 
glazed area, and a constant current of air would flow 
from them through the ventilator.f 

The Zephyr was an elegant contrivance by Mr. 
Dobson, to prevent the air stagnating in any part of 
a room ; and was particularly adapted for removing, 

in a sick chamber, the air that 
might incommode the invalid, 
or refresh him by a breeze, 
moderated so as to be grate- 
ful to his feelings. It is shown 
in Fig. LXXXIII. The case, 
a, contains a mechanism like 
that of a bottle-jack, and is 
suspended from the ceiling by 
two lines passing over the 
pullies, c, c, and balanced by 
the weights, d, d. It may 
thus be raised to, or drawn down from, the ceiling. 
The sails, e, e, are attached to the mechanism, and 
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* Recreations in Agriculture, vol.iii. p. 409. 

t The wsrmtli as well as the ventilation of rooms might also be 
augmented by this contrivance. The whole south front of the house 
Is to be covered with glass, at any convenient distance from the wall, 
and made so as to exclude all air, except by the openings placed be- 
neath to admit it. In winter, during sunshine, the valve, m, being 
closed, the air between the glass and the wall will be much heated, 
and if passages with regulating valves open into the rooms from the 
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revolve in a horizontal directioaa( any height at 
which it may be adjusted^J^ws^''^^^ 

Count Rumfor df^n general was more studious to 
make the heating process perfect, than the perflating 
one. Indeed he may be said to have undervalued 
specific ventilation. " Though a room be closed," he 
says, " in the most perfect manner possible, yet the 
quantity of air injured and rendered unfit for further 
use, by the respiration of two or three persons in a 
few hours, is very small, compared to the immense 
volume of air which a room of moderate size contains ; 
and as so much fresh air always enters the room, and 
so much of the warm air is drawn out of it every time 
the door is opened, there is much less danger of the 
air of a room being unwholesome, for the want of 
ventilation, than has been generaUy imagined, parti- 
cularly in cold weather, when all the different causes, 
which conspire to change the air of warmed rooms, 
act with increased power and effect. In consequence 
of the sdr being equally warm all over the room, (from 
the use of his improved fireplaces,) it may be com- 
pletely changed with the greatest facility, and the 
room completely ventilated, when this air is become 
unfit for respiration, merely by throwing open for 



glazed area, ttiey will bave their temperature considerably raised. 
To distribute tbe air that may be heated, the glazed area may have 
a horizontal partition at each floor — and while it was performing this 
service It might be employed vdth the best effect as a vinery. — Ibid, 
vol. iii.p. 410. 

The effect of the ventilator, even in the winter, would fbe consi- 
fLerable. When the maximum temperature in the shade for the day, 
in February, was 54°, a thermometer placed against a south wall 
rose to 87°; and in another experiment, also, in February, a ther- 
mometer, placed in a small cavity of a garden wall, with a south as> 
pect, stood at 70° ; in the shade of the house, at 42° ; and on the 
ground, at 32°.— (Howard. The Climate of London, vol. iii. p. 140.) 
In the warmest weather, when motion in the air is particularly de- 
^rable, it might in this way be produced with great effect. A 
thermometer, placed in an apartment opening into a garden, stood 
in July at 68°; in the sun, it rose to 120°. With any of these dif- 
ferences of temperature, the Solar ventilator would produce a brisk 
continuous wina. 

* Repertory of Arts, vol. ii. p. 405. 
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a moment a door opening into some passage^ from 
whence fresh air may be had; the upper part 
of a window} or by openii« the upper part of one 
window, and the lower part of another. As long 
as any fire is kept up in the room, there is so con- 
siderable a current up the chimney, notwithstand- 
ing all the reduction that can be mftde in the size of 
its throat, that the continual change of air which this 
current occasions, will be found quite sufiicient for 
keeping the room sweet and wholesome."* And, 
he adds, that '^ even in rooms in which there is no 
fireplace, and consequently no current of air open 
from the room setting up the chimney, as is the 
case in Germany, and in most of the rooms abroad 
which are heated by stoves, the windows and doors 
are double, and both are closed in the most exact 
manner possible by slips of paper pasted over the 
crevices, or by shps of Ust or fur ; yet when these 
rooms are tolerably large, and when they are not 
very much crowded by company, nor filled with a 
great many burning lamps and candles, the air in 
them is seldom so much injured as to become un- 
wholesome; and those who inhabit them suffer no 
inconvenience from their closeness." But, with his 
usual candour, the Count adds, that "there is fre- 
quently, it is true, an oppressiveness in the air of a 
room heated by a German stove, of which those 
who are not much accustomed to Uving in those 
rooms seldom fail to complain, and indeed with 
much reason ; but this does not arise from the air of 
the room being injured by the respiration and perspi- 
ration of those who inhabit it, but from some part of 
the stove in contact with the air of the room, roasting 
the dust which falls on it." 

The decomposition of the dust is, however, one only 
of the many causes that modem chemists show dete- 

" Eswys, Political, Economical, and Physical, yol. i. p. 302. 
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riorate the air of inhabited rooms ; and although the 
Count's notions of the effect of certain agencies were 
erroneous, and his method of opening a door or win- 
dow, occasionally, to produce ventilation, would, in 
modem practice, be held to be barbarous, and inef- 
ficient; yet his singular opinions on one point can- 
not weaken his deservedly great authority on other 
questions connected with the economy of heat. He 
did attempt, now and then, to practise a more perfect 
method than he taught. Two rooms in his house were 
ventilated by a pipe that had an area of 3 inches by 2 
inches, inserted near the cornice into the smoke flue, 
and it was furnished with a small shding valve to open 
or shut it. One of the rooms was heated by a German 
stove set in the hearth recess. It had a false back, 
fixed at a distance of 2 inches from the stove back, 
forming a space enclosed at the sides and open at top 
and bottom. Into this space, air was admitted from 
beneath the floor, and rising betweea the false backs, 
was somewhat warmed when it entered the room. 
The ventilating pipes and false back were afterwards 
removed, and the air to supply the ventilation was 
drawn from the space between the double windows of 
both rooms. 
The wheel described in page 41, continued to 
FIG. Lxxxiv. ventilate the House of 

Commons until 1791» 
^ when it was moved into 
another position over the 
centre of the house, the 
better to perform its of- 
fice. A view of this clas- 
sical machine is given in 
Fig. LXXXIV.* 

It would seem that at 
this time the members 
were annoyed with cold which did not depend on the 

* Richardson. Treatise on Wanning, &c. p. 104. 
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ventilator^ and with an accumulation gfheat^ which did. 
On the advice of Mr. Walker, whose project has been 
described in a preceding page, a large stove, 6 feet on 
the side, and 14 feet high, and filled with earthen 
pipes and retorts, was placed under the floor, and the 
air wanned in moving through them, entered the 
house at a grated aperture 3 feet in diameter made in 
the floor. To improve the ventilation, two chimneys 
with cowls were placed on the roof; and of these it 
may be observed, that being unconnected with the 
centrifugal ventilator, their eflect was to render its 
otherwise effective operation nearly useless. 

The House of Lords also was not sufficiently 
warmed by the flues built under the floor, and its ven- 
tilation had always been very imperfect. Sir Hmnphry 
Davy conveyed fresh air through brick flues, built 
alongside, and attached to the heating flues, and the 
air warmed by these means he admitted into the house 
by small perforations in the floor, the exact number of 
which, as well as the fee for advice, is recorded in 
two lines of an epigram written on that occasion — 
" For boring twenty thousand holes. 
The lords gave nothing — damn their souls. 

For " 

The temperature of the air 
flowing through them, he in- 
creased or diminished by re- 
gulating the furnace. 

To remove the vitiated air. 
Sir Humphry placed a metallic 
tube a 5, Fig. LXXXV., over 
each of the two openings in the 
ceiling. A portion of this tube 
was heated, by passing through 
a fire, c, and the rarefaction 
created was suflicient to pro- 
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duce a current to carry off the impute atmosphere 
from the house heneath^ at the aperture, c, which was 
connected to a cowl placed on the roof. It was not, 
however, always found effectual ; and when the house 
was crowded, the air would rise to S(f, and the 
smoke sometimes get into the house through the 
ventilating tuhe. 

To ascertain the cause of this, and discharge what 
he considered to be his duty, the architect had the 
courage " to put his head over the ventilation pipe 
when the fire was at full heat, but did not perceive 
the hot air coming from the house ;" and m his 
report, he tells their lordships, that he performed the 
same feat '' at other times without fire, and found a 
very strong current of hot air from the body of the 
house;" his official reverence for their lordships, 
not allowing him to describe what were his sensations 
on the last occasion. We estimated the benefits pro- 
duced by Sir Humphry's ventilator to be much greater 
than the architect did, from our happening once by 
accident to approach within a few feet of the cowl, 
when the fire was at its ordinary heat, and the house 
not crowded. The whiff we had of the gaseous eva- 
cuation caused the only indeUble impression ever 
made on our olfactory organs, although they can- 
not boast of any particular sensibiHty — after a lapse 
of thirty years the recollection of it is as pungent as 
ever. 

Notwithstanding that Mr. Lee didnot find the venti- 
lator at all times produce an upward current, it is cer- 
tain it could not cool any hot air that did ascend, and 
therefore, when his head was in the cowl, a current of 
fresh air most likely set downward, through the wide 
ventilator into the house ; a circumstance that will 
occasionally happen where the doors and windows 
are placed like those in the old House of Lords, and 
the persons who have the care of them are equally 
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careless and idle. To remedy the defects, the archi- 
tect enlarged the 12 inch pipes to 3 feet, and fur- 
nished them with a valve to prevent the entrance of 
cold air. The fire ventilator he considered to be un- 
necessary. This alteration greatly increased the de- 
fect of the apparatus, and it was found less adequate to 
sweeten the Lords than before. The architect's pro- 
posal to draw the air from his btmgled ventilators, by 
a wheel like that over the Commons, was not acceded 
to. That, however, shows, that Dr. Desagulier's me- 
chanism, after being in use for 74 years, still answered 
its purpose. 

In the Infirmary at Derby, Mr. Strutt introduced 
the fresh air by a culvert, having an area of four 
square feet, which extended 210 feet from the build- 
ing. At its extremity he placed a vertical fimnel 
terminated by a vaned cowl or tumcap, that kept its 
mouth constantly towards the wind. On the top of 
the building there was another funnel with a similar 
tumcap, that kept its mouth from the wind[; into this 
he conducted all the channels for carrying off the 
foul air of the wards ; and a flue or air duct was 
carried from the upper part of the stove into each 
floor of the building. The fresh air that entered the 
underground tunnel, being made to impinge on the 
heated surface of the stove, was warmed and thence 
conveyed through the air ducts to each floor, and as 
it entered the rooms the foul air was expelled at the 
openings near the ceiling into the channels or tubes 
that opened into the upper funnel, from which it was 
emitted at the vaned cowl into the atmosphere. 

The underground tunnel being at some depth 
below the surface, its temperature was near the mean 
of that of the climate. In the winter weather the air 
in the tunnel was warmer than the air without, and 
in siunmer it was colder. In August, when the 
thermometer in the shade stood at 80^ the air that 
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had flowed tbrougrh the funnel had a temperature of 
60°, which was admitted by the air ducts to tempe- 
rate the atmosphere of the different apartments.* 

About 1810, the Hunterian Museum was ventilated 
and warmed on nearly the same plan. The great 
improver of the steam engine, we believe, revised the 
drawings of the apparatus that were made by Messrs. 
Boulton and Watt, by one of whose engineers it was 
erected. The climate produced was most genial and 
pleasant. Some large factories and an observatory 
were in the following year heated and ventilated by 
Mr. Buchanan, on the Soho model. After a trial 
of six years the apparatus was stated to have given 
great satisfaction, and not to have required any re- 
pairs. Mr. Buchanan, however, thought that the 
heating and ventilating processes should be kept 
distinct, so that each could be managed separately, 
and no more heat nor ventilation given than what 
was just proper, which he considered could not be 
done by a hot air apparatus.f But this opinion is 
not strengthened by longer experience, for in what 
now appears to be the best practice the processes are 
combined. 

The use of hot water as a ventilating agent was 
introduced by Mr. Deacon in 1813. He drew the air 
from an underground tunnel or from a cellar by 
means of a fan, and forced it through small iron or 
earthenware tubes, placed in boiling water, into the 
rooms, and conducted the vitiated air into a tube 
or channel at the ceiling, which was carried above 
the roof where practicable. Instead of pipes, Mr. 
Deacon occasionally used iron plates parallel to each 
other, leaving a space of about H inch between them. 
These were placed in boiling water, and the air rose 



• Sylvester. PliUosophy of Domestic Economy, p. 20. 
t A Treatise on the Economy of Fuel, p. 302. 
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in the space between the hot plates* In warm wea- 
ther, when it was desirable to cool the apartments, 
Mr. Deacon immersed the pipes or the plates in cold 
water, and threw the air that was cooled by pass- 
ing between them into the rooms by the fanner. 
Where the room was large the fan was moved by 
a man, but in common cases it was kept in motion 
by the unbending of a spring or fall of a weight. 
Mr. Deacon fixed his " Eohan" apparatus in some 
public buildings; but, although possessed of great 
practical merit, and wholesome, besides, in its effect, 
and safe in its application, it failed to bring the 
merited reward to the inventor. 

A year or two later Mr. Sylvester made many in- 
genious applications of Mr. Strutt's method to private 
as well as to pubHc buildings. In the Lunatic Asy- 
lum at Wakefield he heated the galleries by warm 
air generated in the same way as at Derby. The 
sleeping rooms opened into the galleries, and he made 
a hole in the door of each room, by which means 
they were kept at the same temperature as the pas- 
sage. From the floor of each bed-room a flue was 
carried to the roof of the building, and each flue had 
an opening at the floor and another at the ceiling ; 
the lower one to be kept open in the winter, and the 
upper one in summer, to accelerate ventilation. When 
the heating apparatus was in action, the whole air of 
the building, equal to 400,000 cubic feet, was changed 
every hour. In one or two instances, where the per- 
flating process was not so perfect as was desired, the 
failure arose more from the pecuhar construction of 
the building and carelessness of those to whom the 
management of the apparatus was entrusted, than 
from any defect in the method or want of skill in its 
adaptation. 

The Marquis of Chabannes was an earnest and 
successful candidate for smoke-doctor distinction. 

VOL. II. H 
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" In JaBtiary^ 1814, while I was writing/' he says, 
" the whole day in London, before a very large fire, 
burnt on one side and frozen on the other, by the 
current of cold air rushing into the room, by every 
aperture, to supply the draught of the fire, I felt more 
sensibly than ever the great defects in the present 
construction of stoves ; and in this situation I first 
conceived the plan of the calorifere, and had a model 
executed with the intention of having some stoves 
made, and taking them with me into France for my 
own use, when an order from the king obliged me to 
depart early in February for Flanders. Sorrow and 
affliction induced me to quit France soon after the 
installation of the king, and I returned to England 
weeping over the destiny of the House of Bourbon, 
and the future miseries of my too unhappy country. 
I then had a calorifere stove made with the sole 
design of guarding myself from cold, but the import- 
ance of the invention appeared to me so great, from 
the equal and agreeable warmth I experienced in 
every part of my apartment, that I resolved to take 
out a patent for it, and make public my long medi- 
tated plan for regulating the temperature, and con- 
ducting and purifying the air in our dwellings ; and 
my chief aim in this was the ambition of being known 
as the author oi forced ventilation" * 

The apparatus produced in these interesting cir- 
cumstances, is shown in Fig. LXXXVI.in afront view, 
and in Fig. LXXXVII. in section. The stove is fitted 
in the usual way into the hearth recess ; a is the fuel 
grate surrotmded on the sides and back with insulated 
iron tubes, c, opening at their lower end into an iron 
ah* box, d, and into a similar iron box, e, at their 
upper extremity. In the top or side of each of these 
air boxes is an aperture, g m, and the smoke escapes 

• On Condacting Air by Forced Ventilatioo, p. vi. 



into the fine at A, as in otlffir grates. At ike opening, 
g, in tlie loirer iur box, ie a communication by a pipe 

TIG. LXXXVI. FIG. LXXXVII. 



or channel with the ceiling of the room to he venti- 
lated; and by the apertnre, m, in thempper air bos, a 
nication is made with the open air. The 




Titisted atmosphere of the room rises into the lower 
air bos, and passes throngh the hot pipes into the 
box, e, and thence through the pipe or channel, m, 
into the atmoBphere. 

As a csTililaling fireplace, the Chabannee' caldrifere 
■JB mtexcBptionable; the small pipes being enveloped 
with the bnminit fuel and flame, ^are made red 
-hot, and produce a high degree of rareiaction in the'in- 
tercltided air, which gives it a very great velocity; ^and 
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where it is inconvenient to enclose the aahpit, or to 
make the air rise through the fuel, the calorifere will 
be found a convenient and effective ventilator. Its 
merits stop here. As an apparatus for heating air 
to be respired in a room, it ia one of the worst of its 
class. With a. werj moderate fire the pipes must be 
BO hot as to bum not only the light substances float- 
ing in the air, but decompose the air itself. Its con- 
struction also prevents in a degree the perfect com- 
bustion of the fuel, and it has much the appearance 
of an enclosed stove, which ia con- 
FiG. Lxxxix. sidered a defect in a grate for an 
open fire, as being unfavourable 
for the emission of the radiant heat. 
The marquis heated and venti- 
lated some large buildings. In a 
theatre, be made the heat from a 
large chandelier, suspended horn 
^ , theroof,performtheofficeof venti- 

lator. In Fig. LXXXIX. o ia the 
chandelier ; d, awrought iron pipe, 
carrjringoffitsheatand smoke; e, 
a wooden case into which the air 
flows at oandsfromtheceiling;n, 
nt, pipes conducting the vitiated air 
, ^from other parts of the house. He 
placed a large calorifere in one of 
the galleries, which drew off the 
vitiated air from several tiers of 
boxes. In this, of which Fig. XC. 
-jii* '^ ^ plan, and Fig. XCI. a section, 

the flue acts on 12 pipes, o, a, each 
7 inches in diameter, 10 feet in length, and united in 
a single pipe, 0, 2 feet in diameter; k, the furnace, 
which is suppUed with coal from the hopper ; n, i, the 
ash-pit i d, an enclosed chamber into which the venti- 
lating pipes, c, c, e, are carried from those parts of the 



building to be ventilated, which then rises through 
the pipes, a, a, in the foraace, into o, and thence 
escapes by the cowl. Fig. XCII. is a section of the 
upper part of the pipes, a, showing the manner in 




which the hot vapour from the fiunace, aller e 
veloping the ur tubes, is conducted at ^,p, into I 
smoke flue. He placed another calorifere over t 
stage, and the gas chandelier ventilated the cent 




The vitiated air from all 
parts of the house was emit- 
ted above the roof, through 
three trunks, each tenninated 
by a cowl ; a trunk being 
placed over each "power,"as 
the marquis properly called 
his furnaces, or caloriferes. 



In heating the theatre, the general arrangement of 
his apparatus was judicious and ingenious. To re- 
place the air carried off by these energetic venti* 
lators, a calorifere was placed at every entrance and. 
staircase communicating with the external air, so 
that the atmospheric current rushing from without 
to restore the equilibrium in the interior, being 
warmed, it warmed the spaces into which it entered. 
A number of cylinders were placed under the stage, 
into which steam was admitted and heated the air 
flowing through 30 pipes 2 inches in diameter that 
were enclosed in each ; caloriferes were also placed at 
other points, and it was attempted in every part of the 
unmense building to avoid the dangerous draughts of 
air that are always found in such edifices. The mar- 
quis made Covent GardenTheatrethe most comfortable 
place of public amusement in the metropolis, without 
his usual extravagance in the heating medium, and if he 
did not succeed in pleasing all the players and play- 
goers, that is only saying he could not perform impos- 
sibilities ; and the gaping idle herd knew not, or could 
not appreciate, the numerous obstacles that he had fair- 
ly overcome in producing so much comfort as he did. 
The air in the house was described as " stifling," and 
in the cold weather it did feel dry and parching— but 
the same effect mte«/ be produced when air is heatedfrom 
32° to 65° by any apparatus whatever ;: and, therefore, 
this should have formed no depreciating objection to 
that air in particular which was attempered with heat 
by the marquis.* The manner in which he applied 

* In ventilating the Hoase of Commons the marquis swept away 
the ** classical apparatus" of Wren and Desaguliers, to mi^e room 
for a capacious air trunk over the ceiling, into which he led the 
tubes thut conducted the vitiated air firom different parts of the 
house* Inside*the air tranlc he placed a number of cylinders filled 
with steam to produce a rarefaction ; and the air which entered the 
trunlc through the ventilating tubes he carried into the atmosphere 
hy s chimney with a cowl 4ieet in diameter. There was no lack of 
ventilating '* power'* in this apparatus in certain divuinstances. It 
gawiJioiMrai* -aftlittlt.ittiatetkBi to the speechmakers in the one 
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hifi calorifere being the same^ however, as that followed 
by Mr. Sutton and others, his ambition to be thought 
the author of ^'forced ventilation,'* can therefore only 
be gratified by doing a " crying injustice'' to those 
who practised the same method a century before his 
apparatus was invented. 

To free rooms from, distressing heat and cold, Mr. 
Vallance made his windows and room air-tight, and 
left one aperture only in the ceiling and one for the 
door. The doorway, 6 feet wide and 6 feet high, was 
fitted with a cylinder of wood closed at both ends 
and placed upright so as to resemble a cask built 
into the wall. In the side of this cylinder there was 
an opening 4 feet wide, and on the opposite side 
there was another of the same size, of the height of 
the cylinder, forming a way 4 feet wide into the room. 
In the centre of this cylinder he fijced a perpendicular 
revolving shaft with four arms or leaves, at right 
angles to each other, like a winnowing machine, 
which fitted the inside of the cylinder as closely as 
practicable to permit its revolving motion^ and yet 
prevent the air escaping at the edges of the fans ; each 
person that entered the room placed himself between 
two leaves like a tumstUe^ and by this means as much 
cold air only was admitted into the building as sur- 
rounded himself. To the aperture in the ceiling a 
pipe was fixed and carried through the roof, where 
it was inserted a few indies into a cistern of water. 

Into this air-tight room Mr. Vallance injected air 
by means of a pump worked by machinery. When 
the atmosphere was warm, the injected air was cooled 



House as it had done to the speechmaken in the other. The air 
iras introduced at too high a temperature, from an excess, perhaps, 
of heating surface, witiiout e&ctual means for its prompt regula- 
tion } and from inattention to the effect of lateral openings, the at* 
mo^>here had at no time been so variable and.so ungenial as it was 
while this apparatus waaJn operation. Everything had been oven- 
done, and after s trial, tliwt was a long^ ontt«oaaiderifig itaimp«itfieCff 
tions, the caloriferes were abandoned. 
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by passing through pipes filled with cold water, and 
they were immersed in hot water when the air was to 
be heated. As the fresh air was pmnped in, as much 
vitiated air was forced out at the pipe in the ceiling, 
and it rose through the water in the cistern into the 
atmosphere, which thus regulated the pressure of the 
air in the apartment.* The idea is most ingenious, 
and by this excellent practical water valve, which 
enables us to preserve and regulate, in a simple and 
most effective way, a condensed as well as a heated 
climate, Mr. Vallance may be said to have perfected 
Dr. Henshaw's first thought, without, most likely, 
ever having heard of it. 

When a room is filled with condensed air, its ex- 
pansive principle will be exerted, and as Mr. Vallance 
observes, " every crack and crevice about the place 
will become a channel to let air out, instead of into it, 
and thus drafts are effectually prevented, owing to 
every cranny becoming a channel of egress instead of 
ingress." But the air injected into a room will not 
produce a perceptible current where the apertures are 
properly proportioned.f 

The contrivance employed by Desaguliers, to ven- 
tilate the House of Commons, is now used for draw- 
ing out the heat, moisture, and dust from the rooms 
in factories, and to keep the air light, fresh, and 



** Observations on Ventilation, p. 75. 

Mr. Vallance proposed to condense air and liberate part of its 
latent heat, and then to mix a certain quantity of this condensed air 
with the warm air at the ordinary pressure. The expansion of the 
condensed portion would cool the mixture. Dr. Darwin found air 
liberated from a pressure of an atmosphere, depressed the thermo- 
meter 4°.— Considerations, p. 7. He anticipates the time when 
houses, in the confined parts of London, will be ventilated by com- 
panies, like the water companies. 

t In the air vault of a blast furnace, into which 9300 cubic feet of 
air were injected in a minute, under a pressure of 5 inches of mer- 
cury, Mr. Roebucic did not observe any appearance of wind to dis- 
turb the flame of a candle ; neither was it blown out when he placed 
k in the eduction pipe of 16 inches diameter, through which this 
quantity of air was. passing into the furnace. — Repertory, vol. xiii.. 
p. 19. 
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agreeable. A variety of fanner^ considered to be an 

improvement on the 

FIG.XCIII. ^^igj^^ j^^jgj^ .g 

shown in Fig. XCIII. : 
c c are the fans, and 
Oy the case in which 
they revolve; x, the 
central aperture for 
the admission of air; 
and /, the channel 
through which the air 
is expelled. The 
fresh air enters at 
X, and by the revolution of the fans is condensed at 
their extremities, and makes its escape from the pres- 
sure through the exit pipe,/, while the external air is 
continually pressed in at the central opening to re- 
store the equilibrium. 

The fans constructed by some engineers are like 
that which have been described at page 41, with their 
mantles or cases made concentric with the central 
shaft ; but though they do good work when turned 
with sufficient rapidity, they are not adapted to pro- 
duce pressure by condensation. The air in the fan in 
the above cut, undergoes compression during its whole 
progress through the spiral space with the revolving 
fans, and is equal in density to that compressed at 
their extremities by the centrifugal force ; and the fan 
discharges more air than if it had the concentric 
casing.* 

When the temporary building for the House of 
Commons was supplied with heat and air, its atmo- 
sphere was quite as defective as any that had per- 
vaded the ancient building. The modifications in- 
troduced by Dr. Reid, under whose direction it was 



* Ure. . PhiL of Manufacturet, pr 384. 



greatly improved, will be underBtood by inspection q£ 
Eig. XCIV. The external air is admitted through 
a coarse gauze screen into a porch communicating 
by doors with a room under the house. At one of 
these doors is placed the heating apparatus, h, which 
consists of a collection of hollow cases, formed of pa- 
rallel cast iron plates or pipes, containing hot water, 
and placed at a small distance from each.other ; the air 
from the porch, heated in passing through the intervals 
between them, flows into the warm air chamber, d, 
from which it is conveyed, through about twenty 
apertures, e e, made in its ceiling, into a space formed 
under the floor of the house : from this space about 

FIG. XCIV. 




36,000 cubic feet of air every minute rise by several 
hundred thousand holes, about a sixth of an inch in 
diameter, made in the floor and under the seats in 
the pitand galleries. The ascent of this pure warm 
air into the house expels the effiste air through open-^ 
ings formed in the ceiling, by some of the panels 
with which itifli onuuaaenttdr.bfiing raised about an 
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inch above their styles. By these apcrtur ee- the air 
passes into l^e space, h, under the roof, and thence 
it is conducted by the descending tunnel, t, into the 
ash pit, k, and rising through the fire in the furnace, 
m, is emitted into the atmosphere at the summit of a 
chimney-stalk about 100 feet in height.* 

The room under the floor, that forms the warm air 
chamber, is partitioned so that, by opening certain 
doors, cold air may be admitted either to reduce the 
temperature of the warm air flowing mto it from the 
heating apparatus, or to fill it with pure unwarmed 
air when that only is required. 

The air is also supplied with moisture, previous to 
its admission into the house. Dn Reid, in 1838, said, 
that 5000 feet of moist surface were used to produce 
the required effect ;t and it has been subsequently 
stated that it now receives the necessary moisture by 
means of pipes filled with water, which are placed on 
the floor of the porch, and perforated with a number 
of small holes. The water issues in jets from the 
minute orifices and produces a spray, which is con- 
sidered to freshen and purify the air that is made to 
pass through it. On one occasion 70 gallons of 
water in the form of moisture were thrown into the 
house in a few hours.t 

The perfect regulation of the heating and venti- 
lating process does much credit to Dr. Reid's con- 
trivance. The want of this control was the great 
practical defect of every foimer apparatus. By 
making the impure air flow through the fire, as Mr- 
Evelyn and Mr. Sutton did, the doctor produces a 
much higher degree of rarefaction than could be 
formed by^ any other method, besides making the 
famaee itself act as a valve to -prev&at the counter 
eufrent, that destroyed the effect of the previoos 

* Bldnrdion: Wnrningund V«irtilatioB. at Hnlldinp, p. XQO. 
t Be]K>rts of British Association, voL vii. p. 132. 
rCbsmbon.' Iiiftni»Ctoa»fDrttevBKiple» p. 6CI. 
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apparatus on the same principle. The descending 
motion given to the respired sdr^in bringing it from the 
ceiling of the house into the cavity under the furnace, 
seems, ho\(rever,an unessential part, that was, perhaps, 
introduced to have the furnace as accessible as local 
circumstances would permit ; its only effect being to 
diminish the velocity of the ventilating column^ which 
in every other part has been most skilfully and suc- 
cessfully preserved. Neither is it obvious that a very 
elevated chimney-stalk is a necessary appendage to a 
ventilating furnace, unless as high a temperature can 
be preserved throughout its capacity as the gaseous 
product of the combustion has when escaping from 
the fuel ; a condition that is not attainable in practice. 
The temperature at which the gases rise from the 
surface of the fuel is not increased by the height of 
the chimney above the grate, and as this influences 
the current into the ash-pit, and consequently the 
velocity with which the air is drawn from the room, 
a chimney that rises a few feet would be as effective 
as one carried to a great height above the fireplace. 

Mr. Sylvester, whose experience gave his opinion 
much weight, was also consulted as to the means he 
would advise for ventilating the same building. A 
sketch of his plan is shown in Fig. XCV. The 
general principle he would recommend was, he says, 
to introduce the fresh air slowly, and in any quantity 
desired, without reference to temperature, and then 
to provide means to heat it so as to make it agreeable 
to be breathed at all times. The underground channel, 
b, about 9 feet square in area, would form a commu- 
nication with the atmosphere and the basement floor 
of the building ; its outer extremity, a, would have a 
cowl made so as always to turn its opening towards 
the wind. The fresh ur flowing along this tunnel 
for about 100 yards, would receive in winter about 15" 
of heat, and in summer it would be the same number 
of degrees colder. It then would pass into the appa- 



101 



ratus, constructed on the model of the Belper stove, and 
being heated to \idthin 5^ of the temperature required in 
the room, would spreadin the space,/:? c?, under the floor, 
and rise through a great number of small orifices 
disposed throughout its area, e, into the body of the 



FIG. xcv. 
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house, m. The respired air would then be carried off 
through a series of apertures, t, in the ceiling, which 
would be constructed to be shut or opened at pleasure, 
by an apparatus communicating through x to the base- 
ment. When the vitiated air had risen through these 
valves, it would then flow into the cavity, n, of the 
roof, from which it would be emitted into the atmo- 
sphere by the turn-cap, o, constructed so as always to 
have its mouth turned /row the wind. Mr. Sylvester 
on this occasion deviated from his common practice, 
and advised that a series of pipes, n, filled with steam or 
hot water, should be introduced into the cavity of the 
roof to raise the air in that part to a higher tempera- 
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tme than that in the honse, in order to insure Xhe 
lequired velocity in the ventilating current. 

Jf at any time it was necessary to supply the fresh 
air at a higher temperature than that in the hody of 
the house, the valves in the ceilio^ would he closed, 
and the vitiated air would escape at the openings, x, x, 
near the floor, and through chaxmels, x x,\ii the walls 
into the cavity in the roof. 

Mr. Sylvester stated that the rate at which air can 
be economically set in motion through the channel 
for supplying the fresh, and discharging the vitiated 
air, is about 4 feet in a second ; but the rate at which 
he considered it would be desirable to make it flow 
into the house would be about 30 feet in a minute ; 
and at this speed the current would scarcely move the 
most sensitive flame. The floor of the house and 
passages he calculated to have an area of 4000 super- 
ficial feet, and its content at 200,000 cubic feet. The 
area of the apertures distributed throughout the floor 
would be about 665 feet, and through these 20,000 
cubic feet of air would rise every minute, so that the 
whole air in the apartment would be discharged and 
renewed six times in an hour.* 

As an effective and convenient method of re- 
novating an artificial climate, thermo-ventilation 
leaves little to be desired. The objection has, 
however, been made to it, that it is more expen- 
sive than fan ventilation, and that the air of the 
room rarefied by the powerful draught of a high 
chimney-stalk, which operates by pumping out, ex- 
hausting and attenuating the air, may prove detri- 
mental to vivacity and health. Saussure's observa- 
tions demonstrate how difficult and painful it is to 
make muscular or mental exertions in highly rarefied 
air. Even the slight rarefaction of the atmosphere 
corresponding to a low state of the barometer at the 

* Report on the Ventilation of the Houses of Parliameat, p. 47. 
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level of the sea, is sufficient to occasion languor, 
lassitude, and xmesrineBS to persons of deUcate 
nenres. Aracmg^ the numerous causes. Dr. Ure ob- 
serves, who ui^es the objection, that are assigned for 
the infen itealth of persons who confine themselves 
much to warm apartments, and seldom venture into the 
C^n air, one of the most operative has been altogether 
overlooked— the rarefaction by diminished pressure 
and heat of the atmosphere which they breathe. Many 
of the ailments of the opulent may be traced to their 
breathing air unduly rarefied by chimney draughts. If 
a differential barometer have its horizontal tube thrust 
into the key hole of a snug winter parlour, it will rise 
from half an inch to an inch, according to the 
tightness of the room and force of the fire, and by 
opening the street door a farther rise will take place. 
And, referring to the climate produced in the House 
of Commons by the means described in a previous 
.page, he observes, that among gentlemen plunged 
in air so attenuated, condensation of thought and 
terseness of expression can hardly be the order 
of the day.* Saussure's authority is unquestionable ; 
but it should be remembered, that while he was in- 
haling the attenuated air, he was benumbed with its 
extreme cold. It must also be admitted that nume- 
rous communities exist at elevations of 6000 feet 
above the level of the sea, and that the rarefied air in 
which they live in no way impairs either their mental 
or bodily energy, but, on the contrary, is considered 
to increase both. Nay, further, the air thus attenuated 
from position, is further attenuated by its being arti- 
ficially heated by German stoves and braziers to a 
temperature of 65° or 70° F., without injurious conse- 
quences to the health either of mind or body of those 
who breathe it. 

Injecting air into rooms by means.of fans or pumps 
can increase the density of their atmosphere only 

* Arcbitectnnl Magaaine, vol. iy. p» 160. 
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when the floors, walls, and ceilings of the apartments, 
and windows and doors, are made air tight, and the 
vitiated air escapes by some regulating mechanism, 
like the ingenious valve of Mn Vallance, — conditions 
which, it is obvious, would not be practicable in 
the case of rooms having a constant ingress and 
egress of persons like the House of Commons. 
Fan ventilation, as now applied in the factories, does 
not condense the air in the room ; for neither windows, 
nor doors, nor floors, are air-tight, and the orifice 
emitting the vitiated air is open to the atmosphere. 
Whether, therefore, the atmosphere of a room in these 
circumstances be renewed by thermo-ventilation or 
by fan ventilation, the barometer would indicate the 
same aerial density in each. 

With regard to the expense of the two methods, 
fan ventilation has been thought to be the cheaper. 
The apparatus by which the estimate was made, was, 
however, a very perfect one, and the thermo-venti- 
lator compared with it should, in fairness, be con- 
sidered (as far as its furnace is concerned) as an 
experiment only, and capable of great improvement.* 
No direct experiments of comparison have been made 
on the subject : but, if each apparatus be constructed 
with equal skill, it is probable that small difierence of 
expense will be found between them. 

In the Bank of Ireland, and also in the Bank of 
England, Mr. Oldham adopted the hollow heating 
plates filled with steam, of Mr. Deacon's eolians, and 
forced fresh air through them by a pump attached to 
a steam engine.+ He made no other provision for 
ventilation than apertures in the ceiling and side of 
the room, for the escape of as much vitiated air as of 
fresh air thrown in by the pump. Mr. Eaton, also, 
in some buildings that he has ventilated, made the 
external air pass between hollow cast iron plates, like 

* Arch. Mag. vol. iv. p. 177. 

t Williams. Civil Engineer's Journal, vol. U. p. 96. 
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those used at the Bank of Ireland, but they were 
heated by the steam of condensation from the steam 
engine that moved a ventilating fan, and performed 
other household services. He ventilated by aper- 
tures in the common manner. Where the introduc* 
tion of a steam engine is not objectionable, both me- 
thods may be considered effective and economical. 

Among other schemes in vogue that of Mr. Perkins 
is at present one of the most prominent. He occa- 
sionally ventilates by a descending current, as Mr. 
Strutt did, but in general he follows the common 
method. Mr. Price in his practice attempts no 
novelty. The apparatus of both has been introduced 
with success into several extensive buildings. 

The difficulty of ventilating a large public room 
had been exhibited in the failures of several ap- 
paratus erected in the Custom House. There the 
climate, in some of the apartments, was so defective as 
to produce general symptoms of ill health among 
the officers whose official seats were placed in it. 
These functionaries were described to have had " a 
sense of tension or fulness in the head^ with occa- 
sional flushings of the countenance, throbbing of the 
temples, and vertigo, followed not unfrequently with a 
confusion of ideas that must be very disagreeable 
to officers occupied with important, and sometimes 
intricate, calculations. A few were affected with un- 
pleasant perspiration on their sides. The whole of 
them complained of a remarkable coldness and lan- 
guor at their extremities, more especially the legs and 
feet, which became habitual, llie pulse, in many 
cases, was more feeble, frequent, and sharp and irri- 
table, than it ought to have been. The sensations in 
the head occasionally rose to such a height, notwith- 
standing the most temperate regimen of life, as to 
require cupping, and at other times depletory reme- 
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dies ; and costiveness, though not a uniform^ was yet 
a prevailing, symptom." 

This formidable catalogue of ** affections" was 
thought by the scientific smoke doctor who drew it up, 
wholly attributable to the imperfection of the heating 
apparatus, and he judiciously advised the hot air 
stoves, which he considered generated the malaria, 
to be removed, and in their stead pipes heated by steam 
to be laid along the floors; and fresh air suppHed 
to the room by an eccentric fan moved by a steam 
engine.* This suggestion of a pmctical and approved 
arrangement was not, however, acted upon. Dr. 
Amott, who was afterwards consulted and employed, 
produced a comfortable and wholesome climate in the 
long room, that contains half a million cubic feet of 
space, by means of three warm air stoves of his contri- 
vance placed on the floor ; and he ventilated this great 
space by six small casements made in the borrowed 
Hghts in the cove of the ceiHng, through which the air 
rushed widi a velocity proportioned to the rarefaction 
and quantity of air admitted under each of the stoves.f 
This most simple arrangement has been found not 
only economical but even salubrious; for all the an- 
noying symptoms of disease, under the use of the old 
apparatus, have, it is said, disappeared. The ventila- 
tion therefore is more perfect ; although, to a casual 
observer, the climate /ee29 as defective as before. 

In small rooms heated by stoves still more serious 
effects are produced by want of ventilation. In 
Russia, says Dr. Thomas, the common people are 
frequently deprived of sensation by vapours arising 
from the following cause. Persons of rank in that 
country have double windows to their houses in win- 
ter, but those of the poorer classes are single only. 

* Arch. Mag. rol. !▼. p. 162. 

t Fowler. Trans, of Inatitute of Architects, vol. i. p. 1G9. 
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During frosty weather an enciUdtation is formed on 
the inside of those windows^ from a condensation of 
the breathy perspiration, Ssc, of a number of persons 
living in the same room. This mephitic crust is 
mixed with the noxious fmne of candles, and of the 
stove with which the room is heated. When a thaw 
succeeds, and this plate of ice is converted into water, 
a deleterious principle is disengaged which produces 
effects similar to that arising from the fumes of chaif-' 
eoal. Persons affected by this effluvium are inune-* 
cQately carried out of doors and placed on the snow, 
with no other covering than a shirt and drawers ; thedr 
temples and region of the stomach are then well 
rubbed with snow, and cold water poured down their 
throats, and the friction is continued until the livid 
hue of the skin disappears and it acquires its natural 
colour.* The Chinese, whose rooms are as small^ as 
hot, and as crowded as those of the Russians, escape 
some of their evils by having two apertures, open 
night and day, at the top of each window, to renew 
the air which they think is too much mrefied by the 

heat.t 

The method adopted by Mr. Sylvester, of drawing 
fresh air from an underground tunnel, as a means to 
warm it in winter and cool it in summer, was similar 
to that described by Palladio as practised by the 
Ticentine gentlemen, Trenti, in their villa at Costosa^ 
Some large caves, that had been quarries, in the 
neighbourhood of their palaz^a, were noted for the 
coolness of their air ; on one of these^ neither care nor 
cost was 8pared> and was worthy, says the prince of 
architects, of our admiration.^ From this spacious 
cave or grotto, called by its possessor JEoMsl, subter^ 
ranean tunnels or ventiducts were carried through 

* The Practice of Physic, p. 907. 
t Phil. Trans. Tol. 1x1. p. 69. 
t IQuattroIibil, 1.1. 
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the rock and communicated with every room in the 
villa, "When they would have a cool air," says 
Ray, who visited it in 1663, "in any of the rooms> 
they shut up a gate in the cave and open a door at 
the end of the channel which lets in the fresco ; every 
room having, a hole in the wall or pavement to admit 
it/'* 

Punkahs are a sort of horizontal fans suspended 
from the ceilings of large rooms in India where com- 
pany assembles. They are made to vibrate to and 
fro over the heads of the company, and seem intended 
rather to keep the air that is in the room in motion than 
to introduce a fresh supply by ventilation. In these 
climates this motion is refreshing, although, to 
Europeans who have not been accustomed to it, it is 
not at first agreeable. From time immemorial these 
implements have been made to vibrate by hand ; but 
about five and twenty years ago a steam engine was 
sent from England to move the punkahs in the 
palace of the Nabob of Oude. 

Tatties, also, are in general use in India as venti- 
lators. These are a kind of mat, afiixed to the door 
or window frames. Some of these tatties are made 
of his, which is a light brown root dug out of the 
earth, about a foot and a half long and a foot broad. 
This is split and put into a frame made of bamboos, 
so as to fit the doors. The jooaga is another root 
^sed for the same purpose. It is of a lively coloured 
green, and when watered difiuses an agreeable scent 
through the bungalow, and is a pleasing relief to the 
eye in Indian houses, in which nothing but white 
plastered walls are to be seen ; but a tattie made of 
jooaga requires to be changed every three days, 
whereas the kus will remain good during the whole 
hot season, which generally lasts for months. The 

* Itinerary, p. 218. 
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tatties are kept constantly sprinkled with water> and 
although the winds are scorching hot which drird 
against them^ yet a most refreshing hreeze is ex* 
perienced in the bungalow. The degree of cold pro^ 
duced by their means is supposed to be in propor- 
tion to the heat of the wind which passes through 
them, as on that depends the rapidity of evaporation. 
On the 26th May, at 2 o'clock in the afternoon, the 
thermometer in the sun, wi^ a hot westerly wind, 
rose to 11 8**; when it was placed in the shade, but 
exposed to the wind, it fell to 110^; while in the 
house, kept cool by tatties, it stood at 87**. In another 
experiment, on June 7» the thermometer, when ex« 
posed to the sun, rose to 113*; in the shade and hot 
wind it fell to 104° ; in the house, cooled by tatties, 
it descended to 83°.* In the same place water taken 
from a well 60 feet deep had a temperature of 74% 
and when it was poured into a porous earthen 
vessel, and exposed in the shade for three hours to a 
hot westerly wind, its heat was 68°. From which it 
is evident^ says Mr. Gray, that the labour of raising 
the water and sprinkling it on the tattie might have 
been saved. Had the air been admitted through 
an underground tunnel, or from the well, to the 
apartment, it would have been several degrees colder 
than if refrigerated by tatties. 

In reviewing the various schemes that have frt>m 
time to time been offered to the pubHc, it is worthy 
observation, that ventilation is a process so simple in 
itself, yet withal so dehcate, as to be easily impeded 
or destroyed, even by seemingly skilful arrangements 
to promote it ; and more attempts have failed by aim- 
ing to produce the effect wholly by comparatively com- 
plex artificial means, than by relying on a simple mo- 
dification of the natural process, which would have 

* Williams. Fhll. Trans, p. 131. 1793. 



110 

served the puipose as effiactuaUy ; and ijt is also ckv, 
tliat all the methods nocieed are pnietically suiicieDt 
for the peiifeet renearal of an artificial dimate ; but from 
the frequent fieuilivre of apparatus oi^eyerf construetioii, 
it is also evident fiiat aay one ^ i^stem " is not %vMm 
cient to meet the exigence of numerous cases tibtat 
Aeeor in practioe; and perhaps not «ren every point 
in cases where it is generally proper. Hence the disap* 
pointmeutthat is so often experienced when the state* 
ments we implicitly received jof an inventor or im* 
pEover, who displays his apparatus as being one tiiat 
is oaknkted to be beneficially introduced into bmld* 
ings, varying widely in their structural arrangementf 
and used for the most opposite purposes. 
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ESSAY XL 



During a voyage from France to America, in 1785, 
Dr. Franklin amused himself by drawing up an ac- 
count of some contrivances tkat he had, at various 
times, seen practised to heat apartments. In this he 
describes a fireplace that he saw in Paris, which was 
ingeniously constructed to heat convenienily a study 
and a bed-room with the same fire. 

The funnels, c c, over the fireplace. Fig. XCVL, were 

circular ; the firqilace, a, was of cast iron, having an 

FKi. xcvju npngiA bacl^ », <]i the same ma* 

^ terial, to which was attached a 

l^te, «. The back plate, », tinned 

on two pivots, and the plate, c, 

always ck)«ed ths^ flue in the room 

in which there was no fire, and the 

flue over the fire was always open. 

In the figure, the fireplace, a, m 

shown as adapted to bum ooals^ 

Vut where wood is the fuel it may 

be consumed on tiie hearth plate, 

r. which is attached to the back 




When a Gre was made in the grate, «, the ii^m 
Ittck, «, was quickly heated; and the air in contact 
with it, with ks amfaee towaids the adjoining roorn^ 
bdsg pnevented by the valine plate, c, from escaping 
sp tiie chuBiiey, «» it spread thrfflighoout the room and 



112 

warmed it. By this means a servant could^ at any 
hour in the morning, make a fire in the study, which 
would also warm the bed-room without disturbing 
the master by going into his chamber; and the 
master, when he rose, could, with a touch of his foot, 
turn the fireplace on its pivots, and bring the fire into 
his bed room and keep it there as long as he wished, 
and at going out turn it back again into his study. 
When retiring to rest in the evening he would find 
his bedchamber comfortably warmed by the hot back 
plate, and if he wished to have a sight also of the fire 
he could turn it towards him. 

If it were desired to have hot air introduced into the 
room in which there was no fire, the back plate might 
be made hollow, and an opening made at the bottom 
for the admission of the cold air into the cavity, and 
another at the top of the air box for its emission into 
the room. 

Few contrivances in heating could be turned to 
better account than this. In small houses, where fires 
are seldom made in bed-rooms, this elegant mechanism 
would be a treasure of comfort and enjoyment. 

The revolving grate, a front view of which is shown 
in Fig.XCVIII and side view in Fig. XCVIll'., was in- 
vented by His Excellency the President of the State of 
Pennsylvania. The fire cage is circular, and about a 
foot in diameter, and may be from 6 to 8 inches wide 
from front to back. The back is of plate iron, and 
the front is filled with bars, as shown in the figure. 
The three middle bars are fixed, but the upper and 
under ones, a, x, are moveable, and may be drawn 
out at pleasure with pincers or tongs. The sides of 
the grate are also made with plate iron, but an open 
space is left at top and bottom ; this space is . filled 
with bars, which at bottom form the grating on which 
the fuel is laid, and at the top they allow the smoke 
to escape through them. The round fuel cage turns 
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on its axes^ 1 1, which are supported by a crotchet fixed 
to the stem, Cy that revolres upon the upright pivots 
By that is fixed to the hearth plate. Small nobs, o» are 
fixed in the middle of the top and bottom grates. 



FIO. XCVII. 
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At first making a fire in this grate the upper bar, a, 
is taken out, and the wood and coals introduced and 
placed as in common grates; and the bar is re- 
placed when the grate is charged. When the fire 
requires to be replenished with fuel the upper bar is 
again taken out, and fresh coal placed, as in common 
fires, on the top of the burning fuel ; the moveable bar 
is then replaced as before. While the grate is in this 
position the fuel will throw up a body of thick smoke ; 
but every one must have observed that pieces of fresh 
coal stuck in below the red coals have their smoke 
converted into flame, and here is the use of the swivel 
grate. By a push with the tongs or poker it is turned 
on its axes, 1 1, until the front bars of the grate face 
the back of the hearth recess, and what is the back of 
the grate faces the room. The fresh coals will now 
be under the burning coals. The whole apparatus is 



114 

t&fin tamed rouad on the ufHright pivot, i, so as to 
laake tiie bar« again lace iAkt apartonentj and tbe 
smoke from ihe fresh coals rises through the mean, 
descent portion. The fuel being thus more pira&ctly 
consumed, a greater quantity of heat is emitted 
into the apartment. It has another advantage, with 
a touch it may be turned from any one of the 
company that desires to have less heat, or presented 
full to one just come out of the cold. When the 
front bars are placed in a horizontal position, a tea- 
kettle, or any cooking utensil, may be most conve- 
niently set on it.* In this grate, a full sight of the 
burning fael, always a pleasing object, is enjoyed ; the 
round figure of the fire, also, when thoroughly kindled, 
is agreeable, and represents, says the doctor, the great 
giver of warmth to our system. 

Of all the labourers to increase fireside comfort. 
Count Rumford deservedly acquired the highest 
honoiu*. Like other benefactors, his schemes ex- 
perienced the opposition and sneer of some of the wit- 
irorms of the lame ; but these mre iaimtely o^ier- 
liaiaaaQd by the approbsfcbn of ti^e besnevdje^it^ and 
above aU by the gnedtude of ihat class whose comfort 
headvocatod, and which he mayiie said to hav»«ri»- 
blidied. To indnee sodety to engi^ ia any «ijter« 
pcise, it is necessary, he remaaks, to show, not only 
^mt it will iHTodace leal adranlage, but Ihat it can be 
attained without much difiicalty ; and as examples of 
sneceas are^rften mogeefficaooos In stimnilating maa* 
kifid to actum than ^wsMastioonidamejreaaomngs and 
earnest admonattons, *' why" Bafs the county " shoiM 
I not mCTttoo^as an indiiaBiiient to others to exevt 
themsrilwes in the same €a»ne» evee iiieafifedaonate re- 
gavd and xe^eet which I nceived frtsm flie poor people 
for whose happiness I intenNttfidnqre^ and the tei^^ 
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mtmeM of pubUe eBteem m^ wfaieh I was hoBoured. 
WiU it be reckoned vamfy if I moitioii the cooeem 
&at tibe poor «Qf Mnsidi caressed in eo affectkig a 
manner when I was dangerously fll, — ^that they went 
publicly in a body to the cathedral churchy where 
they had divine service performed and put up public 
prayers for my recovery, — ^that fom* years afterwards, 
on hearing that I was again dangerously ill at Naples, 
of their own accord they set apart an hour each even- 
ing, after they had finished their work in the military 
workhouse, to pray for me ? "Will it be thought im- 
proper to mention the affecting reception I met from 
them at my first visit to the mUitary workhouse, upon 
my return to Munich after anabsence of fifteen months, 
which drew tears from all who were present ? Let the 
reader ask himself, if any earthly reward can possibly 
be supposed greater, — any enjoyments more complete 
than Ihoee I receiFed« I^thua fi^j^^tohimself my sitoa* 
tion, «ick in bed^ worn out bjintessse a|^llcation,aQd 
dying, as everybody thought, a maztpr in the cauae to 
which I haddevotedmyflel^-^-aod thealet him imagine 
my feeluigs apon hearing the ^otaiased noise of the 
{»raiyers of a nuUiJtnde of people who mere passing byia 
the streets, upon being told that it was^om the poor^ 
Munich, (eighte^ihnadied iAmunber,) whoweregodng 
in procession to ^ church to put np public prayersibr 
me — ^for a private person* a atxaafter, a Psotestint !" 

But few better deservied this ^pootaiieous homa^ 
than the itpoiUii^ of fireside comfort, whose improve- 
m^oits on chimneys have that j^tiiloaophical simplidly 
vhich makes them easy in ezecutiaa and universal in 
application. 

These improvementa will be betti^ understood bjr 
referring to the manner in wfaieh chimneys wcve 
usually constructed* and the grates plaeed in them, 
vhen the count introduced his syetem. Fig. XCDL 
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is a section of a hearth recess^ showing the manner in 
which the grate was placed in it when the chimney* 
breast was of an uniform thickness ; and Fig. C. 



FIG. xcix. 
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shows how the grate or stove was set when the breast 
was built half a brick in thickness, to allow the grate to 
be brought further forward in the hearth recess. From 
these figures it is apparent that the flue was a passage 
for all the warm air in the room to flow into the at- 
mosphere, instead of bong a passage for the smoke 
only that rose from the fuel. 

The necessary consequence of air being rarefied by 
heat is, says the count, that it would be as great a 
miracle if smoke did not rise in the chinmey, as that 
water should refuse to run in a syphon or descend 
in a river; and as it always rises perpendicularly, 
the proper place for the commencement of the flue is 
perpendicularly over the fire, and the back of the 
fireplace should be vertical. The smoke being hotter 
near the fuel than at a distance above it, the nearer 
the imderside, or soffite, of the mantel is to the fire 
the higher will be the temperature of the vapour rising 
into the flue; consequently, the greater will be its 
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velocity^ or the stronger will be the draught of the 
chmmey. 

But when the draught is very powerful, from the 
mantel being placed low, the fuel swales too rapidly ; 
and when the mantel is too high, the column of smoke 
is so much cooled, that a slight , obstruction, either 
from the wind at the chimney top, or from an imper- 
fect construction of the smoke canal, or from persons 
opening doors, or passing quickly in front of the fire 
place, brings the smoke into the chamber. 

From the ever varying temperature of the incan- 
descent mass, it is obvious that to produce a uniform 
velocity in the column of smoke, the height of the 
mantel soffite above the fuel should vary also: but 
although of great practical importance, no means are 
in use to produce this adjustment, and all that has 
been attempted is by a rough approximation to adapt 
its height to one or two of the many conditions of the 
problem. 

Itis probable thatthe common varieties of pit-coal, in 
small uniformly sized pieces burned in an open bra- 
zier, supplied with air from the bottom, and having 
a depth of 3 inches, are consimied as perfectly, and 
l^ve out as much heat, as in any other form of ap- 
paratus. But to save the trouble of frequently sup- 
plying fuel, the depth of the coal is generally made 
from 5 inches to 9 inches ; and a fire 7 inches thick 
xnay be a fair average case of what is popularly con- 
sidered to be the most economical arrangement of the 
fuel. 

A fire of this depth will consume a certain quantity 
of coals in a certain time, and of course will produce 
a certain quantity of heat and smoke ; and the count's 
object was to produce aperfect combustion of the fuel, 
in the longest time, and throw as much of this heat 
into theroom as possible; unlike modern practitioners, 
he avoided every thing that had a tendency to hasten 
the consumption of the friel. 
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The length of a smoke flue has no effect hi aceele« 
ratmg the velocity of the air, flowing towards a fire 
placed in a chimney, except from what has been called 
the lateral communication of motion that would take 
place from the ascending current, when t&e mantel or 
the throat is placed very low ; and the count was carck 
fol to avoid the undue waste of the foel from this 
cause, by placing the fire as fbr benea^ the mantel $» 
was consistent with the preservation of a due velocitf 
of the vapour in the flue; lor the combustion being 
equally perfect, the lower the temperature of the 
ftdiginous vapour rising from* the fuel, at its entering 
the throat, the more heat will be tluown into t^e 
room. All the heat tbat the smoke has at issuing 
from the chimney is so much heat thrown away — is so 
much coal consumed to no purpose. In common 
cases, three-fourths of all the friel bvnwd escapes, 
and is wasted at the chimney top. 

The distance therefore at which the soffite of th9 
mantel or mantel bar should be placed above the Are, 
without the combustion of the friel being aflbeted 
by the motion of the ascending column of smoke, 
and that motion be the slowest possible, he found 
in common oases to be about 14 inches, when the 
flue was wide and f^ort; and it did not exceed 
20 inches, where it was carried to a considerate 
height. When tiie room was spacious, and the 
grate contained a laige quantity of friel, he some* 
times raised the mantel 2 fbet above the ftiel; 
but this bold practice was generally forced upon 
him by some circumstance connected with the ar- 
chitectural appearance of the apartment, and in 
these cases he always operated under a sort of protest. 
He was never satisfied witii the rash experiment, and 
it seldom in the end pleased ths-pation. If the cMm^ 
ney was an inveterately smoky onie, he was obliged^ 
like other doctors, to resort to the extreme remedy of 
hwering the mantel sufficientiy to cure it, and feel no 
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compniiction at the waste of fdel, ** whidi I think," he 
says, " is not to he compared to the greatest of all 
plagues, a smoky chimney.^ 

Cardinal Polignac attempted to reflect the radiant 
heat into the room from pai^lmfic covings; hut the 
great depth of the hearth recess marred the ingenious 
intention, and Clavering's ohiique jamhs were inef- 
fective from the same cause.* The count produced the 
desired effect in a different manner. He hrought the 
fire more forward into tiie room, or rather nearer the 
opening of the fireplace, diminished the throat of the 
flue, and made the covings diverge. 

To the question of how fkr the fire should he 
hrought forward, ^e answer, says the count, is short 
and easy to he understood. Bring it as far forward 
as possihle, without diminishing too much the pas- 
sage that must he left for the nnoke; and as this 
passage should he left perpendicularly over the fuel, 
its size will determine the projection of the fire into 
the room. 

He took great pains to determine, experimentally, 
the proper size that should he given to this passage. 
The average \ndth from front to hack of a parlour 
fire heing taken at 8 inches, he found, that when 
the hack of the fireplace was of the right length, 
and the flue of the usual size, four inches was 
the hest width for the smoke passage, at the part 
where it joined the flue, and he called this part the 
throat. Where the grate or hox containing the friel 
is small, 3 inches might do; ''hut, as it always is of 
importance to prevent those accidental puffs of smoke 
wMch are sometimes thrown into rooms, through die 
carelessness of servants putting on suddenly too many 
coals at once upon the fire, and as these accidents 
sometimes happooed when the smoke passage was 
made very narrow, I found,'' says the count, '' all ad- 

* Essay oa the Conitruction of Chimneys, p. 93. 
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vantages and disadvantages being compared and 
balanced, that 4 inches is the best width ;"* and if it 
appears extraordinary, that fireplaces of different 
sizes should have their throats of the same width, it 
is to be considered^ that a long fireplace will have a 
long throat, and the size of the passage is the length 
multiplied by its breadth. The throat of a chimney 
should always be made to commence at the soffite of 
the mantel, or underside of the breast wall. 

The size of the back of the fireplace is next to be 
decided. The hearth recess is generally built as wide 
at the back as in front, with the jambs parallel ; but 
when the fire is brought forward, one third of the 
width of the hearth recess is the proper width of the 
back. " The form is perfect when the width of the 
back is equal to the depth of the fireplace, and the 
opening of the fireplace three times the width of the 
back." The depth of the fireplace being the distance 
between the line, c, t, and back, x. 

FIG. CI. 




Fig. CI. is a plan of the hearth recess, and Fig. 
CII. a vertical section taken from frpnt to back. 
In laying out the work, the coimt directs a line to 
be drawn with chalk upon the hearth, between and 
even with the jambs, e, /, of the hearth recess, e, c, 
d, /; in the centre of this line, another line must be 
drawn at right angles to it, from o to u The brick- 



* Esmys, toI. i. p. 826. 
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layer mudtoiow 8taBd tipright in the chimney with 
JuB face to the room, and hold a plumb line to the 
jniddle of the upper part of the chimney breast, «l 

Great care must, however, be taken 
9;«pto place the line high up in the 
chimney, and in all cases, to the 
part where the flue -begins to rise 
perpendicularly; otherwise, if placed 
against the slope that is sometimes 
made in the breast (as in Fig. 
CIV.), when the back is raised to 
its proper height, the smoke pas- 
sage will be found too narrow. 
This precaution being observed^ 
and the plumb being made to faU 
on some part of the line, n t, that 
point, 0, is to be marked by an as- 
sistant ; 4 inches are next to be set off from the point, 
0, towards the back, «, and a line drawn through it 
rperallel to the line, c t. This hue forms the back, a^ 
.of the new fireplace; its length is one^third of the 
width of the hearth recess, and a line drawn from 
its extremities to the outer edge of the jambs, c, t, 
will give the slope of the covings, which will make 
an angle of 135° with it ; and this is the best position 
ibr rdfteoting the radiant heat into the room.*^ 

These covings, although fonning an oblique surface 
towards the fire, are built truly upright and quite flat 
from the hearth or hob of the grate, as nu^ be, to the 
top of the throat, where they end. The horizontal 
section of the throat will not be an oblong square ; but 
.its deviation from that form is not a matter of consef 
quence, *' and no attempts should bemade by twisting 
-the-covings above, to bring it to that form, as all twists, 
bends, excavations, or other irregularities of form, 
.never fail to produce eddies in the current of airxon^ 

* Esiays^-Political, &c., vol.J. p. d29. 
VOL. II. K 
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tinually flowing through a fireplace ; and all such 
eddies disturb either the fire or the ascending cur- 
rent of smoke, or both, and cause the chimney to 
smoke ; hence the covings of chimneys should never 
be made circular, or in any other curve, but always 
quite flat."* 

Another point of great importance is to carry up 
the new back, x, and covings, z z, at least 6 inches 
above the under side or soffite of the mantel. 

The smoke passage or throat being only 4 inches 
wide, some means of enlarging it occasionally, to admit 
a sweeping machine, is necessary. When the wall, 
forming the back, x, is built to within 8 or 10 inches 
of the soffite of the mantel, o, an opening is begun to 
be left in the middle of the back 10 inches wide, and 
as deep as the back of the hearth recess, as shown at t, 
in Fig. CIL, and carried up to the top, t, of the 
back, X, and covings, z z. This sweep door is then 
to be closed with a moveable tile, e, or piece of stone, 
as high as the top of the covings, and confined to its 
place by a rabbet made for that purpose in the brick- 
work. As often as the flue is cleaned the sweep 
removes this tile, and replaces it when his work is 
finished. Whatever be the material forming the new 
back and covings, care must be taken to fill up the 
space behind them in a solid manner with bricks and 
mortar ; and where they end in the flue, on a level 
with the top of the tile forming the sweep door, a 
horizontal course of bricks should be laid and care- 
fully joined with mortar. 

It is of very great importance that the top of 
the covings and back, or where the new throat ends, 
should all end abruptly, as shown in Fig. CIL If 
they are finished with a slope, as in Fig. CIII., with 
the intention of uniting the new back and covings to 
the wings and back of the flue or hearth recess, this 

* EiMyi, rol. I. p. 8S4. 



indmed coping, a, tends to SBBiBt the action of the 
wind in throwing the emoke and soot back into the 
room, which experience haa proved does not happen 
FIG cm. whenthetopofthebackandcoTingB 
forms B flat horizontal surface. In 
the tetter case, saya Mr. Danforth, 
the current of hot air is determined 
to a particular part of the flue ; and 
when the wind at any time forces 
iteelf down the flue, flnding most 
resistance in the direction of this 
distinct column, before it amves at 
the throat divides itself to other 
parts of the cavity, leaving a pas- 
sage for the hot vapour from the 
- throat, and is really condensed and 
lodged, during the blast, on the horizontal surface of 
die back and covings, and laid as it were on a shelf.* 
Great care must also be to taken to give a pro- 



per form to the inside of the mantel, and unite it 
properly to the inside of the flue. When the height 

• TbcinyofChliiuiiHlBTaUgiMdip. 2J. 
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of the mantel has to be lowered, as in Fig. CIV., 
where r is a brick arch or a slab of stone or 
iron bar, the slope of the inside of the breast 
is to be filled up with plaster, x, so as to form 
one continued flat, vertical, or upright plane surface 
with the lower part of the flue, taking care to round it 
off properly, with an easy curve to make a finish with 
the thin soffite of the mantel, «, as shown in the 
figure, " so that the current of air passing under the 
mantel may be made gradually to bend its course 
npioards, by which it will unite quietly with the as- 
cending current of smoke, and be less hkely to check 
or force it into the room ;" and all the surfaces of the 
throat should be made regularly smooth. Where the 
mantel is of the proper height, but its flue face is 
built sloping as in Fig. CV., this deformity is to be 
corrected by plaster, «, as in the precedmg example. 

Cases will sometimes, however, occur where the 
hearth recess is too small to be properly propor- 
tioned to the grate and covings, and sometimes it 
will be too large ; and it will also often happen that 
the fireplace must be accommodated to suit 'a grate 
already there. In the first case, 4 inches must be set 
off from the inside of the chimney breast, for the 
width ^f the throat, which will give the position of 
the fire-back; and the width of grate required for the 
size of the room will be the width of the back, and 
the covings will diverge at any angle less than 135° 
to the plane of the back, as seen in Fig. CVL, where 

_ « is the back, a a the 

line of the inside of 
the breast, and c c that 
of the jamb. If the 
recess is wider than 
it ought to be, 4inche8 
is to be set off for the 
width of the throat as before, and to determine the 
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jdane of the baek; the width of which being fized^ 
the opening of the fireplace^ when finished, ie to ho 
three times wider ; if the old openingexceed this by 2 
or 3 inches only, the covings may dbeige at a grsi^er 
angle than 135*' to fill up the spaee ; when &e opening 
is too narrow, it is better to accommodate the covings 
to it than to increase its width, which in most cases 
is troublesome and expensive; but should the excess 
be greater than 3 inches, the covings must be placed • 
at the proper angle of 135^ and the space between 
the jambs and covings filled up with a slip of stone, 
or plaster. When chimneys have a tendeacy to smoke^ 
the covings should .be placed ati a less angle to thft 
baek than in others not having this propensity* 

Abd^uut fault 
?icu GVix« is. commonly 

cc^amittedwhen 
the jambs, c, n. 
Fig. CVII., pro- 
jisct some inched 
beyond the co- 
vings, into the- 
room; in this 
case, the covings 
are often made to diverge from the diiectioa of the 
dotted line, s, t, whereas they should in every caseslope 
from the corner of the jambs, »,. n, to the back, s. 
The covings of a chimney should never be made to 
range behind the front of the jambs, however much 
they project into the room ; and as a general rule, 
no inconvenience of anynnpertance will arise from 
making the obliquity of the covings considerably less 
than 135% but. many cannot iaR to be produced by 
makmg it much greater, an error which workmenare 
very prone to commit.* 




* EiMFS* Political, &c., vol. i. p. 849. 
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The grate is not shown in the figures ; in placing 
it, the thing principally to be attended to, is to make 
the back of it coincide with the back of the fireplace. 
Should its fuel chamber be too large for the new 
back, and it be necessary to diminish it by filling up 
part of the ends and back with fire-stone or tiles, 
the filling-up flat piece of stone or tile, forming the 
new back of the fuel chamber, must be made to coin- 
cide with, and make part of the back of the fireplace. 
It frequently happens, that the iron backs of old 
grates are not vertical, but inclined backwards ; the 
piece of stone for the new back may be made like a 
wedge, thicker above than below, to make the new 
back vertical, which will coincide with the back of the 
fireplace, and the iron back will be hid in the brick- 
work ; but if the grate is not so wide as to allow the 
sloping back to be improved by the insertion of a slab 
of fire-stone, it must be taken out altogether ; and 
fixing the grate firmly in the brickwork, cause the 
back of the fireplace to serve as a back to the grate. 

But in diminishing the capacity of the fuel cham- 
ber, care must be taken not to make it too narrow : 
the proper width from bar to back of grates for rooms 
of moderate size, will be from 6 to 8 inches ; where 
the width is not more than 5 inches, it will be difficult 
to prevent the fire from going out. 

In the examples which have been given, the count 
considered that the chimney breast was 9 inches thick; 
but sometimes, in the upper rooms of a house, this 
part is not built thicker than 4i inches, which would 
cause the grate, if it were required to be made wide, to 
project too far beyond the mantel. In this case, 4 
inches are to be set off from the inside of the breast, 
m, the width of the throat ; and if the width of the fire- 
place were to be 12 inches, then another 4 inches are 
to be set off, which will be the back of fireplace on 
the hearth, from which the back will slope by a gentle 



FIG. CVIII. 
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however, commence at the upper but 
face of the fuel, and he contmned 10 
inches above the fire, to prevent the 
crossing of the current of air from the 
room, bringing the smoke mto it. 
The great effect of this capital arrange- 
ment was quite unexpected. " " ap- 
peared," says the count, " to give out 
more heat than any fireplace I ever 
constructed ; the back was soon very 
much heated, and was frequency red 
hot." The figure is drawn from a 
smaU fireplace, we had constructed on 
this principle; its performance was 
excellent. The width of the throat was 4 mches, 
the slope of the back was 4 inches forward, and it 
ended 11 inches above the fuel; the width of the 
g«te was 8 inches, and its length l^inch^ "^d 
Ae depth of the fuel was 4 inches. The soffite of 
the maitel was 15 inches above the upper suxfeoeof 
the fuel. As a cottage hearth for small wood fires, 
this, from its cheapness, easiness of ««=»^°«' ^T 
heat-producing capabilities, is ahnost every thmg that 

can be desired. , 

The count constructed another fireplace upon the 
same principle, aplanof which is shown m F^. CIX., 
a section in Fig. CX., and an elevation m Rg. CXI. 
The width of the throat was 4 inches. The hre- 
place was formed like a niche, and its back, « was 
Kcessed 6 inches, and the grate was 13 inches long, 
^^hown in the figures. The niche from the hejh 
Sits crown, was 23 inches high, and 't'T^l^^^'^f 
above the upper part of the grate. The soffite of 
Se mantel grounded, and the sweep door. e. con- 



strncted as in the ezampleB previonsl}' described 
The jambs were also made diTerging, as shown in 
Rg. CVII. 



Count Rumford'B rules all [Hixeeded on the Bnp- 
positioD, that the vdwaty of the air which supplied 
the combuBtioD, ehonld be derived selely from the 
rarefaction produced by the incandescent masi, ex- 
posed to the open ur in a grate-j and that the tem- 
perature of the ascending Bmoke-afavuld be as low aa 
possible. But when it was necessary or convenieBt 
to lower the mantel, in order to pennit the smoke to 
riK at a higher temperature, it was found from ex- 
perience that the width of the throat might be consi-- 
derably reduced; and where the mantd was not mora 
than 10 inches above the upper grate bar, it might bo. 
reduced to H inches with good efiect, — though with 
a considerable increaaein the conaomption of fueL 
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About thirty years ago, in some parts of Ireland^ 
the grates were long in front, and narrow from front 
to back, so that a large radiating snr&ce was exposed 
to the room. The space above the grate was shut in 
by a piece of stone about li inch thick, cut out in 
form of an arch over the grate. The back was formed 
into an elliptical niche, leaving a very small opening 

only for the smoke to escape into ths 
flue. fig. CXII. is a vertical section of 
the fireplace; Fig. CXIII. a horizontal 
section from front to back ; and Fig. 
CXIV. is an elevation ; a, fuel chami* 
ber; x, niche ; m, chimney breast; r« 
throat; o, slate enclosing the fireplace; 

9ZG. CXIII. 
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ft, termination of the throat. Mr. Buchanan, who 
describes this variety, gives no dimennons; but we 
have seen one on the same construction, in which 
the width of the 

throat was 1 inch fig. cxiv. 

only, and it ap- 
peared sufiident, 
when care was 
taken to feed the 
fire with small 
quantities of fuel 
at a time, but if the 
coal was thrown on 
carelessly, a little 
smoke was occasionally puffed into the room, until 
the fuel was perfectly lighted. 
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The effect of this construction, Mr. Buchanan says, 
is that the combined heat in the rising vapour, and 
part of the radiant heat acting on the curved back, 
which should be formed of fire-brick or fire-stone, 
heats it, and the radiant heat is reflected from its sur- 
face, as from a common mirror, while the narrowness 
of the throat, and velocity of the smoke, prevents a 
great deal of the heated air of the room from flowing 
up the chimney. A large portion also of the radiant 
heat, which in fireplaces on the common construction 
falls into the flue, is in this thrown upon the fuel, 
and acts to preserve a higher temperatiure in the 
ignited mass. " When I first observed one of these 
fireplaces at Belfast, I supposed," says Mr. Buchanan, 
*' the landlord to be a man of some science; but I was 
surprised to find, in pursuing my journey to Dublin, 
and even thirty miles more to the south, that this 
construction prevailed from the lowest inns, to the 
houses of the opulent, the only difference being in the 
degree of ornament." * 

It will, however, be apparent, that this philosophi- 
cal fireplace is the same as that shown in Figs. CIX., 
ex., and CXI. Sixteen years before Mr. Buchanan's 
visit to Ireland, his friend Count Rumford had been 
in Dublin, and had taken great pains to explain and 
disseminate his principles of fire-side comfort ; and it 
appears he hadspoken to men, wise inknowingthe value 
of good advice, and carrying it into practice. The coimt 
and Sir John Sinclair also exerted themselves to intro- 
duce the improved fireplaces in Scotland; and the Lord 
Provost and magistrates of Edinburgh voted a sum of 
money to defray the expense of sending a bricklayer 
to London, to be instructed by the coimt himself, in 
order to show the citizens at his return how to erect 
fireplaces on scientific principles; but the comparative 

* Treatise on the Economy of Fuel, p. 316. 
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abundance of fuel among the Caledomans, operated 
to prevent that attention being paid to the count's 
precepts, which was exhibited in Ireland and else- 
where; and perhaps they were not sufficiently ad- 
vanced in civilization, to be able to put a proper value 
on the invention. But the improvement may be 
said to have created an expression of applause and 
satisfieiction, from one end of England to the other, * 
or as a '' bard " expresses it, — 

*' Note of melodious cadence on the ear — 
Loud echoes Rumford here and Rumford there. 
Lo ! every parlom*, drawing-room, I see. 
Boasts of thy stoves and talks of nought but thee. 
Yet not alone my lady and young misses — 
The cooks themselves could smother you with 

kisses. 
Yes, Mistress Cook would spoil a goose or steak. 
To twine her greasy arms around thy neck." 

Yet it is not to be imagined that they thus — 

'* Expressed in gratitude their souls 
To him whose wisdom saved us pecks of coals," 

—merely on account of the money value of the 
saving of the heat-giving fossil ; but from feeling that, 
in their case, economy in fuel prevented a frightful 
waste of invaluable life. 

The pleasure of refined and excessive eating is of 
the most ancient origin ; but Epicurus, whose name 
has been given to the species gourmand, disdained 

* To enable future topo|prap1iical historians to point out with 
certainty, and attach due importance to the spots where this ce- 
lebratea contrivance was first exhibited, it may be stated that the 
first experiment in London was made in Lord Palmerston's house 
in Hanover Square, and then in his house at Broadlands. Rum- 
ford fireplaces were in succession erected in some rooms of the 
Board ox Agriculture^in the house of Sir Joseph Banks— in De- 
vonshire House — in Melbourne House— in Lord Besborough's 
mansion at Roehampton— in Lady Spencer's villa near St. Alban's 
—in Lady Templetbn*s, Portland Place — in Mrs. Montague's. 
Portman Square— in the houses of Lord Salisbury in London and 
Hatfield ; and shortly afterwards in thousands ofothers. 
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excess and cos^ entertainments, and. fed sweetly on 
bread and water. Modem Epicureans despise hiiB^ 
practice. Their belly, which, according to Bishop 
Taylor's admeasurement, is not a span long, is their 
Qod, for whom nnmbeilees ovens, fiimaces, and^ 
ra^ng fires must be provided to combine the propi- ' 
tiatory offerings from all comers of the earth, air, and 
waters. Under the bnming influence of these bon- 
fires the temper of priests and priestesses of the' 
palate, ministermg in the preparatbn of the convivial' 
sacrifice, is aa short and irritable as that of an eel un- 
dressing for the stewpan; wfailis, as Beresford has it, 
they look and feel like battered mummies ; and it has 
always been a subject of unmitigated regret that 
these personagesi whose exquisite and sublime talents 
are consecrated to give a savour to existence, these 
creators of unspeakable pleasures,, should, from de* 
votion to their divine art, be cut e£E in great num- 
bers by apoplexy and asphyxia, and that almost all of 
them should die very miserably. 

Count Rumford's conservative philosophy is s^en 
in no fedrer light than in his endeavours to ameliorate 
the melancholy fate of these meritorious professors of ' 
culinary science ; and when he showed that thick sub- 
stantial soup, which had been stewing for five hours, 
and was sufficient to form a meal for three thousand 
persons at a pint a piece, could be cooked with sixpence 
worth of coals when they were selling at twenty-three 
shillings a ton, it is beyond all doubt that none of 
the heat evolved from this fuel could have escaped to 
fall on and annoy the culinary chemist. In many 
kitchens constructed imder the count's directions, 
in which roasting, baking, frying, broiling, steam- 
ing, stewing, and boiling, were going on at the. 
same moment, the heat that had formerly made the 
artists fret as much in their own grease as the viands 
they were basting, was so .admirably confined to its 
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own paiiiciilar and especial purpose, that tlie count 
usually made provision for a hearth with its flue, on 
which in cold weather a fire might be made to warm 
the angelic cookey while engaged in superintending 
-all these incomparably interesting processes. 

If the merit, therefore, of an inventor should be 
estimated by the wide spread good that may be pro- 
'duced by his inventions, most laudable that enthu- 
.masm must be considered which inspired the poet to 
:tell the count — 

*' Immortality is STire ; 
Long as thy chimneys shall thy praise endiure. 
Aloft ascending, lo I thy radiant fame 
With thy own curling clouds of smoke shall rise 
And sunlike give them lustre in the skies.' 
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Nothing can be more simple and plain than thb 
directions left by this great man to guide posterity in 
the construction of chimneys, yet not more than thirty 
years after his death, with shame it must be spoken, 
•scarcely one fireplace in ten thousand is formed 
agreeably to his formula. All, it is true, have sloping 
covings, and on that account all are said to be '' Rum- 
fordized." Even circular covings and a perforated re- 
gister plate, both of which were the count's utter horror 
and aversion, now confer the same popular title. The 
essential part of his invention was, however, the for- 
mation of the throat, and the advanced position of the 
chimney-back with regard to the room. "Without 
attention to these points, sloping covings are mere 
delusion, and cruel satires on the fair fame of Count 
Rumford. 

• Mr. Danforth, a countryman of the count's, 

notices the use of sloped covings in early times in 

^America. There, wood being plentiful and labour 

high, it was usual to cut their fire wood from three 

to six feet long. This required It large fireplace ; 
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and accordingly they were generally built so, even in 
the best rooms in good houses, many of them in the 
same manner as the fireplaces in the country in Eng- 
land, with a seat on each side*wall or jamb, and the 
whole was generally whitewashed. Now, continues 
Mr. Danforth, as wood makes much more blaze, 
and warms much more at a distance, or sends out 
more radiant heat than coal, probably from the 
lesser density of its texture, it naturally happened 
that the tendency of these white walls to reflect 
the radiant heat was noticed and found to be con- 
siderable in America, while the dull coal fire in 
England never had given that intimation. Accord- 
ingly, as wood became less plentiful, the propriety of 
reducing the fireplace became obvious. They then 
built a small fireplace \«dthin those large ones, and 
conforming in part to the old practice, kept the front 
still wide, but narrowed them more at the back : this 
answered the purpose of allowing the sight and the 
direct influence of the fire to a greater number of 
persons; " and at the same time," says Mr. Danforth, 
'Uhose diverging sides, which obtained the appropriate 
name of flaring-jambs, being still kept white, reflected 
the radiant heat more completely into the room. If 
this expression is known in England, it must have 
been carried over by the first settlers. These jambs 
however, by whatever name they may be caUed, I 
have seen in England ; and no doubt there are many 
instances of a small fireplace built within a larger one, 
and in general the whole construction as described by 
the count, but perhaps in no instance to so much 
advantage — nor were they so well constructed, in 
America the throat being seldom so small or the fire- 
place in general so much reduced." * That is, how- 
ever, saying that there was a resemblance, but no 
similarity. 

* Theory of Chimnief, p. 18. 
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At the period the couDt wrote^ the construction of 
the flues was not so carefully attended to, as they are 
now, and improvements were as often welcomed and 
valued as remedies for the defects of smoky chim- 
neys, as to throw the greatest quantity of heat from 
the fuel into the room. 

It was with this view that Mr. Danforth propounded 
what he considered to be an improvement on the 
Rumford fireplace. The lower part of the fireplace 
is to be built as directed by the count ; it is then to be 
continued upward, from a little above the mantel bar, 
by the back and sides converging or being brought 
toward each other, and the breast also, by running an 
iron bar within it and a little higher than the mantel 
bar, and so all around to lay the bricks upon ; and 
the four sides are thus to be continued upward, ap- 
proaching each other until the throat be just left suf- 
ficient to admit the cleaner. A little internal chimney 
is then to be continued considerably higher by run- 
ning up a large iron or tin tube from 6 to 12 inches in 
diameter, this tube should fit the throat as closely as 
possible, and be supported in its place by two small 
bars running across under its lower end, and loosely 
let into the brick-work at each end, which may be 
taken out when the internal funnel is to be removed 
to clean the chimney. There will then be a vacant 
space all round the internal chimney as far down 
nearly as the mantel bar. When the funnel was pro- 
perly proportioned, a chimney in which this construc- 
tion was adopted had no tendency to smoke, when 
the wind blew from any quarter or with whatever 
violence, and the room was perfectly warmed.* This 
arrangement deserves Mr. Danforth's encomiimis. 
If numberless pipes that disfigure the chimney tops of 
our houses were removed and placed in the situation 

* Theory of Chimnlef, &c., p. 25. 



of this internal cbmmef, the exterior would be im- 
pntred, and the amoke more efiectually prevented 
from coining into .the chamber. 
' The hot air fireplaoea that were conetmcted bj Mc. 
Sharpe and others irere nearly the same as those 
which have been described in ourJFeiah Essay; but 
with a contracted throat furnished with a yalve or 
damper. Rg. CSV. is a secticm, and Fig. CXVI. 
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a view of one of time fireplacee ; a, is the firo- 
boi; b the register; e, its Talre; e, e, two aper- 
tures into which the air of the room was supposed 
to enter, and comii^ into contact with the heated 
sidea of the fireplace^ sometimes formed with mean<- 
dere, was warmed and emitted again into the room 
■at the holes, o, o. In many eases this was a clever 
improvement, but it got out of &ahion from flom». 
'times burning the ur ; but more frequently from pro- 
'dncing small efiectthnmgh injudicious construction: 
-It differs little from many firqdaces in present use, 
except in the decoration. 

Fig. CXV. ia another variety of store then recomr 
mended as a smoke curer ; a being a sort of Kolipils 
filled with waier, and forming the back of the fireplace, 
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was kept boiling ; and the escape of the steam from a 
small hole in its narrow neck " drove the smoke up 
the flue" : and in cases where economy was studied^ 
was recommended as having power to drive a smoke 
jack at the same time. 

FIG. cxvi. 



I 




J tX?^?^ I 



I vt^siS^ 



1 



i 



About the same period, Mr. Smith produced what 
he called the '^ Retiring Grate/' which was con- 
structed to be drawn outwards to a certain extent like 
a drawer, when more heat was required, and pushed 
back into the hearth recess when the air was warm 
enough, or for safety when the inhabitant left the 
room. The idea is one more worthy revival and 
extension than a crowd of useless things which have 
since been presented as inventions to the public. 

Mr. Blundel's improvement was confined to the 
fender. The top of this was made of wire work, 
sloping from the under bar of the grate to the front 
of the fender. The cinders, falling on this grating, 
rolled down to the lower part in front, where they 
were collected, but the ashes fell through into a box 
on the hearth. 

The fireplace most esteemed was Moser^s. It had 
porcelain tubes placed on the sides and back, in 
which the air was heated, and the burnt odour pre- 
vented that was produced in others, as it was thought 
by coming in contact with the hot iron; but the 
improvement was a departure from right principle. 

VOL. II. L 
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AU the heat commumcated by the incandescent fael 
to the metallic covings and back of the fireplace 
should have been imparted to the room by a greater 
quantity of air being made to impinge upon them5 
and absorb the heat — ^the porcelain tubes reversed 
this. Hot air fireplaces were at this time very ezpen- 
sive, which totally hindered their good effects being 
experienced in rooms used by the lower classes, where 
they would have been truly beneficial, and with a 
trifling alteration also very economical. 

Some of Mr. Moser^s grates were admired for 
tasteful decoration, but perhaps the most elegant fire- 
place was that contrived by Mr. Bums, which had 
the form of an open elliptic vase placed in a circular 
niche, of which Fig. CXVII. is a ground plan, and Fig. 
CXVIII. a vertical section from back to front j the 
oral vase, a, containing the friel, had a bottom grating 
like the ordinary parlour grate. Air from the out- 
side was admitted by the channel, e, and flowed into the 
base of the grate, and thence into the enclosed ash- 
pit, as indicated by the arrows. This passage could 
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be opened or shut by means of a valve placed where 
the channel, e, joined the vase. But the hissing 
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noise produced by the flow of air in certain cireum* 
stances, was an objection ; and, as the grate was open 
on every side, it was difficult at times to produce a 
perfect combustion of the fuel, and keep the fire alive. 
It is noticed here for exhibiting the first attempt at 
combining a safety screen with a fireplace. A cir* 
eular groove, c, was formed behind the backj which 
enclosed a dreular fender, t, that was drawn forward 
when required into the position shown by the circle, 
e, in Fig. CXYII. The screen was filled with glaas 
or wire-work, and the mantel had % circular forni 
also.*^ 

Mr. Ralph Dodd's firepkce was, in effee^, a return 
to the ancient cottage chimney, reduced in dimension, 
to which he added moveable reflectors a, b, which 
were the whole height, from the floor to the mantdi. 
They had a vertical joint at «, and a lat»al movef 

PIG. cxix. 




^ent from and towards the fire at c, in the direction 
of/, e. The reflectors could therefore be placed at 
different distances from the fire, and also at different 
angles, to suit the comfort or convenience of persons 
sitting roimd it. The chimney breast was supported 
by slender iron pillars ; but the appearance of the 
whole being considered outr^, it was neglected. 
In Mr* Peale's American fireplace, the mantel was 

* FhUosopliical Hag» voL.y. p* 267i 
1.2 
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moveable. It had a door or shutter in front, sus- 
pended by pullies like a sash window, which was 
raised or lowered to increase or diminish the distance 
between the fire and the throat, as now practised in 
ships' stoves. An English stove doctor, whose name 
we have forgotten, adapted this shutter as a fireguard, 
by forming it of wirework or glass. It was partly 
with the same intention of avoiding accidents by fire, 
that Mr. William Clerk placed a stove-like grate, 
with an open door, in the hearth recess, and enclosed 
it with a sort of window formed of metal bars, fitted 
with panes of glass, and set at 10 inches' distance 
from the front of the grate ; the glazed frame was 
moveable and slid in a. groove. Air to supply the 
fire was drawn from the outside or from an adjoining 
room, but not from the apartment, and the smoke was 
carried by a pipe into the flue. Mr. Clerk thought 
that the room would be warmed partly by the radiant 
heat from the surfaces of the stove, which he errone- 
ously supposed would be propagated through the 
glass, and partly by the air heated in the enclosed 
recess, by contact with the insulated surfaces of the 
stove, which was admitted into the room by opening 
the screen. No smoke or dirt or sparks, Mr. Clerk 
says, could be thrown into the chamber, and the 
view of the fire was as cheerful as if it were not en- 
closed. As the inventor himself, who was a Scottish 
advocate, was perfectly pleased with his invention, it 
may be allowed to have performed its ofiice. 

No method had been devised for supplying the 
fire with coal, except by the clumsy method of throw- 
ing it on the upper suiface of the burning fuel, from 
a shovel or coalscuttle, until Mr. Cutler described the 
mechanism, of which Fig. CXX. is an elevation ; Fig. 
CXXI. a horizontal section; Fig. CXXII. a vertical 
section, taken from front to back. In all the figures. 
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the same letter is placed on the same part; Uy is an 
iron box, formed by the back and two sides of the fuel 
chamber being continued down to the hearth^ and the 
fourth side^ or that towards the room^ rising as high 
as the under bar of the fuel chamber. A long slit, r, is 
made in the two sides of this box, from within an 
inch of the bottom or hearth to the level of the under 
grate bat. A thin horizontal bar, x, about 1 inch in 
depth, is inserted into these side slits, and projects 
about 2 inches beyond the sides ; to the upper side 
of this bar a plate of iron, e, is attached of the size of 
the iron box. To each end of the horizontal bar, x, was 
affixed a small chain, h, which was wound on an iron 
axle, a, on which was fixed a wheel, c. The axle was 
supported in the usual manner by brackets, which 
are not shown in the figure, to prevent crowding it. 
The wheel was moved by a bevel wheel, the axle of 
which was hollow ; into which the pipe of the crank 
was inserted ; a, the bars of the grate ; o, opening 
for the smoke into the flue, and o, slits in the 
sides of the fuel box to admit air. The operation is 
thus : — Coals sufficient for a day^s consumption put 
into the iron box, rest on the iron plate, e, attached to 
the horizontalbar, a? ; a fire is lighted in the usual man- 
ner on the top of this fuel; as the fuel consumes, and 
more is to be supplied, by turning the crank the bevel 
wheel gives motion to the spur wheel, and the revolu- 
tion of the axle, a, winds up the chains, h, attached to 
each end of the horizontal bar, and of course raises 
the iron plate attached to it, on which the coals are 
placed; and this as often as is thought convenient. 
The coal is thus supplied from the bottom under 
the ignited fiiel, and smoke in a great degree pre- 
vented.* 
Fig, CXXIII. shows the mechanism, by which the 

♦ Eepertoryof Arts, vol. ii. p. 170. 
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mov«ible bottom of the coal box was prevented 
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deseendmg when loaded with the fuel. When the 
coals were to be raised^ the pipe of the crank was 
iBserted into the hollow azle^ which pressinf^ a lever 
forward on a spring, disengaged a catch on tlie bevel 
wheel, and permitted the wheel to revolve. 

The practical objections to tlus apparatus were a 
supposed defect of air to supply the combustion, as 
none could ascend through the coals in the box ; and 
the difficulty of keeping the fuel clear of ashes. In 
some fireplaces, Mr. Cutler got rid of both objections, 
by making the grate bars project in the manner 
shown by the line in the vertical section in front of 
the bars. 

This elegant and ingenious mechanism involved 
its inventor in a lawsuit, in which the quibbles of his 
piratical and mercenary rivals in trade prevailed over 
the ^adrest claim to the protection of a patent.* This 
was demolished, and the probable future improvement 
of the mechanism was lost to the public. 

Another contrivance to introduce fresh coals under 
the ignited fael, was to make the lower bar of the 
grate so that it could be raised on a joint. The 
coals to be added were placed on a shovel, which 
was then inserted tmder the moveable bar; and they 



• Stuart. Hiitorical and Descriptiy« Ali«c^t«i pf 9k«lB Em 
gines, p. 641 . 



were puahed forward into tlie fire by a sort of 
[Haton contained in the handle of the shoveL 

The practicEd objection to the firepbce described in 
page 3a, and which Dr. Franklin named the Stafford- 
shiregrate.&oinhaTingseen it used in that district, waa 
its tendency, from a partial deflection of the column of 
smoke hj any sudden motion of the tur in front of 
the fireplace, to bring the smoke and dust into the 
room. Mr. Meikleham, in 1823, described a modifi- 
cation of this excellent apparatus, by which this de> 
feet waa in a great de|^e corrected, without sacri- 
fidng its other advantages. 

Fig. CXXIV. is a vertical section from front to 
back okthe social grate ; Fig. CXXV. an elevation ; 
and Fig. CXXVI. a phn. The opening of the hearth 
jrecesa is dosed up on a line with the face of the 
hreaat wall, and an opening never exceeding the width 
of the fiue is made into 
FIG. CXXIV. it from the level of the 

upper grate bar, and the 
fire is wholly within the 
apartment, and outside 
of the hearth recess. 
— The bottom grating 
is S inches above the 
hearth, the depth of the 
fuel box, c, is 4 inches, 
and its width from front 
to back S inches ; the 
length of the grate in 
front 1 2 inches ; the dis- 
tance between the upper 
grate bar, z, and the under 
edge of the canopy or 
hood,isl2inches; which 
projects an inch beyond the bars, and rises 4} inches. 



The back of the fhel chamber Imea with the wait of 
the room. The throat, a, 3 iochea wide,haBaiegUter, 




j, by which it may be diminished to I inch ; but the 
beat effect will be produced, when placed to make 
the opening H inch. Beaidea prereDtinj; the puffa 
of amoke coming into the room when the fire ia first 
Ughted, and occasionally wben freah fuel ia haatily 
thronTi on in too great quantity, radiant heat ia ab- 
sorbed by tbe hood, and the air coining in contact 
with its upper aurface ia warmed, and apreada into the 



The hood should be made of ci 



ir wrought ii 



I4fl 
md It it of Importance to give it the concave form 
shown in the fiji^nreB — a fiai Hinface was fonnd to 
be improper. The inclined sole, e, should be made of 
a iire-farick, and the covings also of lire<brick or 
stone, and the fuel basket may be fixed into the brick- 
work in the common manner. I^e hood, b, may be 
made to be put on or taken off. In cottages the 
space at the back of the fireplace may be converted 
into an oven, nith a door at the side of the fuel bas- 
ket, or the fuel basket itself may be hinged bo as to 
open or shut like a door. 

This description of fireplace would be useful in 
upper stories, in cases where it is often difiicult'to 
get a hearth recess of the common size, on account 
of the space occupied by the flues of the under 
stories. In this construction h. hearth recess is not 
required. In cottages, also, were the fiue continued 
to the hearth, it would be a saviug in the first coat of 
building. 

A fireplace having dimensionB stated above, com- 
fortably warmed a room containing 1630 cubicfeet 
of space, and 30 feet superficial of glazed opening. 
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Rg. CXXVIL is a planj Rg, CXXVIH. a sec- 



tion, and t\g. CXXIX, an elevation of the eune tin- 
place, with a hollow hack and sides for introducing 
warm wr into the room ; 

the interval, a, into which 
r the air is admitted, must 
not exceed 2 inches, but 
1 general li indi would 
B better; one side of 
this interval may be 
brick or stone, formed 
bf the face of the filling 
m, if an iron plate 
be considered too ex- 
pensive. "When the flue 
;o be cleaned, the re- 
gister plate foils back 
I a recess, d, left in 
the brick-work, tn, the filling up of the old hearth 
recess. The fresh tdr msj be admitted at bottom, 
into the space, r, either from a pipe or channel open- 
ing to the external air; and as it rises upwards, it 
will come in contact irith the heated back and sides of 
the fireplace, and be emitted into the room at the 
aperture, «, which is fiiniiBbed with a regulating shde 
valve. The width of the throat, a, is adjusted bj 
the register, t. The area of the (q)ertureB for the 
admission and emission of the cold and wanned air 
shoold each be equal to the area of the throat of 
the fireplace. Should it not be desirable or con- 
venient to bring the eztemsl lul into the heating 
chumels, openings from the rooms may be made, at 
e, e, into the hack at x, and a circulation of wanned 
ur will be produced in the apartment. 

In a case where it was thought 4 inches a sufBcient 
projection into the room, the fireplace was formed as 
shown in the plan. Fig. CSXX. and section. Fig. 
CXXXI. The bottom of the iiiel grate was 4 inches 
above the hearth, and the fuel basket, o, was 5 inchee 



deep, and 8 inches from front to back, with the 
recessed portion, o, curved as shown in the section. 
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The height between the top of the upper grate bar, 2, 
and the under edge of the canopy, h, was 1 2 inches ; 
the throat, a, 2} inches wide, and 6 inches long. The 
concave part, o, of the bottom of the fuel chamber, and 
the fixed part, e, of the back, were of lire-bricks filled 
in solid behind ; », a moveable tile or stone that ia 
taken out when the flue is cleaned ; iJ, a space behind 
it, to admit the sweeping apparatus, which is some- 
times left open at top, but it is better to be filled with 
loose bricks, that are taken out and replaced along 
with the tile, s. 

In a counting house, in which this fireplace was 
placed, its heating properties elicited great approba- 
tion. Another was fixed in a bedroom, and there it 
also became a great favourite. A small damper, drawn 
backward and forward by a spindle going through 
the breast, x, to diminish the area of the throat, is 
omitted by mistake in the cut. After the fire burned 
clear the throat was usually diminished to have a 
width of half an inch only. 



Another form of the same firepbce without a hood, 
which has been named the ComuBborough hearth. 






ifl shown in Hction, Fig. CXXXIL, and elevation. 
Fig. CXXXIII. ; the fuel hox waa placed * inches 
above the hearth, and was about 3 inches deep, S 
inches from back to front, and 12 inches wide, which 
was the width also of the fine. The sofGte of the 
mantel was 14 inches above the upper surface of the 
fuel, and the throat 3 inches wide and 7 inches long. 
The perfbnnance was uniform and satisfactory, and 
the combustion of fuel did not appear to be excited by 
any lateral communication of motion from the cur- 
rent in the flue. It had an iron valve, b, like the 
register of a ship's stove, which could be lowered to 
bring the stream of lur nearer the surface of the twii 
when required. This was found a very useful ad- 
Mr. Marriot's fireplace has the novelty of a recep- 
tacle, containing a supply of fuel, and adding it under 
what may be ignited in the fuel box, to answer the 
same intention as Mr. Cutler's. Fig. CXXXIV. is 
a section of this apparatus, and Fig. CXXXV. an ele- 
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yation. The cuts will sufficiently explain its con- 
struction. The charge of coals is put in at e, and th« 



FIG. cxxxiv. 



FIG. CXXXV. 





door^ r, is then closed by turning it with a screw 
winch. When coals are to be added they are stirred 
forward by a crooked poker from the coal chamber, Cy 
which opens at bottom to the fuel basket ; n, is a regis- 
ter for regulating the size of the throat ; 9, a projecting 
canopy which was formed hollowy and into which the 
cold air was admitted and heated^ and flowed through 
a valve into the room. This grate had a fender of 
peculiar contrivance, and an apparatus in which the 
air was condensed, and then conducted by a pipe 
with a cock to blow the fire. All of which, with 
the exception of the coal chamber, however, are 
more ingenious than useful. 

In the long list of fire-grates that are recommended 
by manufjacturers, the greater number vary in their 
pattern only. Mr. Sylvester's is, however, an ex- 
ception which exhibits considerable novelty of con- 
struction. Fig. CXXXVI. is a vertical section, and 
Fig. CXXXYII. an elevation : a, are radiating iron 
spokes raised a little from the hearth, b ; the narrower 
end of these spokes form the bottom of the fire*chaia< 
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ber, e, beneath which is the ashpit^ d, made large 
enough to contain the ashes produced during several 



PIG. CXXXVi. 




FIG. CXXXYII. 




days. The back, e, of the fire chamber, is formed 
of a fire-briclc; the continuation of the back, k, is 
fitted up with a series of small shutters, arranged like 
lufiferf boards, all of which are moveable ; and by re- 
moving any of these the draught of the chimney is 
regulated* In the section, the third luffer is supposed 
to be open; when the lower lufiTer plate is taken 
out, the apparatus is to all intents and purposes 
a Staffordshire grate. The fireplace has the great 
advantage of being insulated from the walls of the 
hearth recess, and the air in the space m, which is 
warmed by coming in contact with the iron work, is 
allowed to flow into roonu The radiating rods are 
an elegant substitute for the common hearth, but 
perhaps are of no further use^ 

A fireplace, described by Colonel Pasley as the 
contrivance of Captain Sandham, has been intro- 
duced with great advantage into the barrack 
rooms at Brompton. Fig. CXXXIX. is a horizontal 
section ; Fig. CXL. is a vertical section from front to 
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ack ; and Fig. CXLI. is an elevation. The smoke 
openings c, that is placed on a level with the hohs. 



FIG. CXL. 



FIG. CXXXIX. 





is 9 inches long and 6 inches high. The covings, e, i, 

are fonned of pav- 
FiG. CLi. ing tiles a foot square^ 

cut to the required 
splays; and one of 
these tiles, e, over the 
centre of the throat 
of the chimney, is 
made to take out, 
being placed dry, 
and the joints to- 
wards the room not 
flushed, but only 
pointed with cement, so that it is moveable when the 
chimney requires sweeping. Of all the fireplaces that 
have been Sandhamized properly, only one, it is 
observed, still smokes in westerly winds. Compared 
with. Count Rumford's system, the Colonel says that 
he considers the top coving of the Sandham fire- 
place " a great advantage, inasmuch as it brings the 
throat of the chimney nearer to the fire, without the 
inconvenience of allowing too much of the heated air 




153 

(from the room?) to pass up the flue. Instead of 
which it throws out more heat into the room than 
when the back is upright^ as every one acknowledges 
who has been in the same rooms before and after the 
fireplaces were Sandhamized." ♦ 

It will, however, be apparent that this fireplace has 
not the shghtest affinity with those of the immortal 
Count. His grand object was to keep the throat as 
far from the fuel as possible, instead of bringing 
it to the surface of the fire as Captain Sandham does. 
The whole apparatus is what may * be called a 
hybrid Staffordshire fireplace, without the advan- 
tage of its advanced position in the room. And the 
greater heat thrown out, should be referred to a 
more rapid combustion of the fuel, in consequence of 
the increased velocity of the current of air sweeping 
through and over the fire ; but then, this is attained 
by a greater consumption of the combustible. 

In improving the barrack fireplaces the Colonel 
observed the importance of the Count's rule, '* that 
after reducing the throat of a chimney the work 
should terminate abruptly a little above that level." 
The bricklayers, in two or three instances, thought 
proper, of their own accord, to slope up both the 
back and sides above the throats of the Sand- 
hamized fireplaces in order to make a neater finish, 
and also from a natural desire to make it stronger ; 
and they thus produced that sort of trumpet mouth, 
(shown in the cut. Fig. CIII.,) above the throat of 
the chinmey, which the Count reprobated ; in conse- 
quence of which those fireplaces continued to smoke a 
little ; but on removing all the extra filhng in, so as 
to restore abruptly the large rectangular opening of 
the origmal brickwork, forming a sort of gulf imme- 
diately above the throat of the chimney, this evil was 

* Papers on Subjects connected with Corps of Royal Engineers 
Tol. II. p. 67. 

VOL. II. M 



154 

remedied^ and none of these chimneys now smoke, 
even in the most violent gales of unfaTonrable wind, 
excepting by small puffs, occasionally on lighting the 
fire, which cease when it bums clear.* 

An elegant, complex apparatus that operated by 
the reversed flame, was described a few years ago by 
Mr. Mallet. The Edinburgh fireplace is a more re- 
cent contrivance on the same principle, but simpler. 

FIG. CXLII. 




Without smoke or dust, and perfect in its form for the 
diffusion of radiant heat, if placed where all hearths 
should be, in the centre of the room, it would form 



FIG. CXLIII. 
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in a manorial hall, the ne plus ultra of b ^replace. It 
is shown in plan. Fig. CXLIL, and a section. Fig. 

* Papers, vol. ii. p. 68. 
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CXLIII. : a, circular iire-chainber, d, emoke fliie> 
communicating with a vertical chimney flue; a draught 
is produced in this flue by the usual means^ which 
carries the vapour from the coke fire, downwards into 
tiie circular flue, d, and thence into the chimney flue, e. 
There is a kind of fireplace, now very prevalent, 
which has an appearance of snugness and comfort, 
but without the reality of either. The fire- chamber 
is buried in the hearth recess, no means are provided 

FIG. CXI.IV. 




FIG. CXLV. 



ixx the adjintraent of the throat, and much of the re- 
flfj^d heat is lost. In many districts the smoky rooms 
in ei^ttages have fireplaces like that in Fig. CXLIV. 
and Fig. CXLV. Ilie covings are Rumfordised, and 

the throat is left of any dimension. 
This and all similar forms are only 
reewaU of the celebrated Bath fire- 
place, which is described •and 
figured in p. 22. 

Another very oommon form of 
fireplace is that shown in Fig. 
CXLVI. Here all is enclosed, and 
the throat is diminished by an 
opening, a, left in the register 
plate, t, which is ako ii^noraUy 
fixed with a hinged valve. Some- 
times hobs are provided, and the 
opening of fthe fioreplace or under 
edge of its mantel \s at a distance 
of 16 or 18 inches from the fuel; 
M 2 
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but then the einoke door, a, is seldom more than 

from 6 to 8 inches above the upper surface of the 

fuel, aa shown by the dotted line, 

HO. CXLVi. I, which places all such in the 

, categoryof theStaffordshire tire- 

' place, and requires careful regu- 
lation of the smoke valve to pre- 
vent a waste of fuel. These sort 
of grates, with the smoke aper- 
ture placed uear the fire, and 
also that shown in the previous 
cut, being bat Kohes in sheets 
clothing, are to be eschewed by 
every one who studies economy 
in coals. Warranted smoke- 
curing grates, for which adver- 
tising smoke-doctors require no 
pay if there be no cure, are all 
constructed on the principle of 
bringing the air that flows up 
the chimney near the surface of the fuel—or, in other 
words, by maVing them furnaces ; but in none of 
them is due attention paid to the formation of a pro- 
per throat, and to the regulation of the draught, and 
their effect is therefore produced with a great waste 
of precious fuel. 

A glance at some of the circumstances that affect 
combustion will show other points in which these and 
moat fireplaces are defective. 

In a mass of fuel, burning in an open grate of any 
description, some of the external parts are black or 
dark — others in the interior are covered with an ashy 
Bubstance, beneath which the coal has a feeble glow j 
some portions are at a dull red heat, which paBses by 
numerous gradations into an orange-tinged and almost 
colourless light, so dazding that the eye can scarcely 
behold it i die jets of flame are of intense brightness. 
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and every moment all parts of the heated mass vary 
in brilliancy^ as if they were swept by waves of light. 
The colours change, with the intensity of the heat. 
Bodies become visibly red hot in a dark place about 
650°. At 800° they are obscurely luminous in the 
light; a dull red heat visible in broad daylight is 
placed between 1000** and 1077°; a bright red at 
1200°, and an orange-coloured red at 1650<*. The 
flickering, yellowish white, incandescent, gaseous 
matter has a still higher temperature. During this 
emission of light and heat, the fuel gradually loses its 
sohd form, dissolves as it were in the air and disap-. 
pears; and when the combustion ceases, a small 
quantity of ashes, about one or two parts in the hun- 
dred, is all of the coal or charcoal apparently re- 
maining. 

The evolution of light and heat always accompa- 
nies a chemical union of the oxygen contained in 
atmospheric air with the carbon or pure charcoal, 
and its compounds with hydrogen, which form the 
greatest part of the substance of the fuel. The oxy- 
gen in the fuel varying from 3 to 14 per cent, per- 
haps diminishes the quantity abstracted from the 
air ; the nitrogen which forms 75'5 per cent, of the 
air, and from 4 to 16 per cent, of the fuel, suflfers 
no change. 

Before, however, this union can take place, the fuel 
must be raised to a temperature between 750o and 
800°. The red hot carbon then attracts the oxygen 
from the atmospheric air in contact with it, and the 
compounds of carbon and hydrogen require a still 
higher temperature to imite with the air and evolve 
flame. These combmations are the main source of 
artificial heat for domestic purposes, and their ulti- 
mate products are carbonic acid gas, nitrogen gas, 
and the vapour of water. Nitrogen is incombustible, 
and carbonic acid gas extinguishes burning sub- 
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stances of all kinds, not from a want of oxygen only^ 
but from exerting a positive influence in checking 
combustion.* 

Different kinds of fuel require different quantities 
of atmospheric air for their combustion : a pound of 
coke will require as much oxygen as must be ab- 
slaracted from about 157 cubic feet of air ; a pound o£ 
common Newcastle coal would require a still larger. 
quBotity of air. 

To produce perfect combustion all the air which 
eomes in contact with the fuel must be decomposed, 
and have the whole of its oxygen abstracted. Should 
any portion escape this process, it will be injurious 
in proportion as its quantity exceeds that which has 
united with the fuel. Each successive portion will 
carry off the heat from the ignited surface, until 
its temperature is reduced below that at whidi it 
can abstract oxygen from the air and continue its 
action; the combustion then languishes, and by 
degrees is extinguished. It is also essential that thia 
air should be pure and free frooL mixtmo with tiie 
gaseous products of the combustion. In proportion 
as it is mixed with them will its cheraicai: union with 
the feel be impaired or prevoited. The higher the 
temperature of these sohd and gaseous matters, the 
more rapidly they will decompose the air in contact 
or mixed with them ; and the more rapid the com- 
bination, the greater will be the quantity of heat 
and light evolved. As the excess of the heat .pro- 
duced exceeds that which is absorbed by the fisol 
10 maintain its combustion, the greater will be tii0 
quantity radiated int<» the room, and«ombkied with the 
gaseous vapour or smoke. It is only, perhaps, whea 
bodies combine rapidly that this excess is' considera- 
ble.. When the process has been slow, the total 

* Tbrner. Etemientfl of Glifimistry, p. 2S9. 
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quantity of heat extricated may be the same, but it 
neirer accumulates in sufficient quantity to constitute 
fire> which only appears when heat is concentrated to 
a certain degree in the luminous body. Hence the 
loss of elSect when fuel in an open grate smoulders 
and consimies at a low temperature. 

The art of using fuel to the best advantage in open 
grates, is to maintain the whole mass in a state of 
▼iyid incandescoice, by preventing all unnecessary 
abstraction- of heat £rom the burning body — either by 
currents of cold undecomposed air flowing over it, or 
by its contact with solid or liquid bodies which ax« 
good conductors— for it is obvious a fire may be as 
effectually extinguished by contact with a soUd body 
that may be rapidly cooled, as by a stream of cold 
air. The necessity of exposing a large portion of 
the incandescent surface to the atmosphere, makes a 
due regulation of the quantity of air admitted to it 
almost impracticable ; and in an open fire, all that 
ean be attempted, in order to preserve the tempera* 
ture of combustion, is to ignite a greater mass of 
fii^ than would otherwise be required, and by par* 
tially excluding the air from the back and sides to 
lessen the sui^ce exposed to the refrigerating in* 
fluence, with the loss, however, of the radiant heat 
that surface might have emitted. 

Where fiiely which contains little or no bituminous 
matter — such as anthracite, or Kilkenny^ or Welsh 
stone coal, or cc^e — and which requires a high tem- 
perature to be retained in the entire combustible 
mass, it is found very difficult, from the cooling effiset 
of air, when burned in small quantities in an open 
grate, to keep the external sur£Eice incandescent, 
and the fire ahve; and as the heat radiated from 
the exposed surface is very small, Mr. Bull recom- 
mends the common open bars of the fuel chamber 
to be discarded, and the front of the fire to be en- 
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closed by a thin plate of iron which would not 
be less agreeable than the equally sombre aspect of 
the unignited coal in front of the generality of small 
grates^ particularly as the top of the coal would 
present a more luminous appearance to the room. 
Although iron is a good conductor of heat, the plate 
would be sufficiently heated to maintain the tempera- 
ture necessary to carry on the combustion of the sur- 
face exposed to it, with the exception of the points 
which actually come in contact with it ; and it would 
prevent the ingress of air into the spaces among the 
fuel. If there was a danger of melting the iron in this 
situation it might be coated in the inside with clay, 
or lined with brick. The ash pit also should be en- 
closed and have a door for the removal of the ashes 
and a valve by which the necessary quantity of air 
might be admitted without any excess. This con- 
struction would also bb favourable for heating the air 
which enters from beneath to supply the combustible, 
the advantage of which is most obvious, when the 
necessity of cooling the burning body as Uttle as 
possible is considered ; the apparatus besides would 
be more cleanly than an open grate, could be made 
use of for culinary purposes, and would radiate a great 
deal more heat.* 

The same judicious stove doctor observes, that in 
grates for using this coal, it is objectionable to make 
the receptacle for the coal of greater length than it has 
breadth or depth, by which the body of coal is not as 
much heated, and requires to be replenished more 
frequently to maintain the relative position of the coal 
necessary to continue the combustion. A much bet- 
ter shape, and which would require less coal at any 
one time, would, he thinks, be in the proportion of 12 
inches deep to 8 inches square at top, and gradually 

* ExperimentB to determine the Coroparative Value of Fuel 
p. 92. 
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dimimshed to 6 inches at bottom^ by which the heat 
generated in the combustion of the coal at the lower 
part of the grate, in its passage to escape at the 
chimney, would come in contact with nearly the whole 
body of the coal, and keep it heated, which cannot be 
the case in the former shape, supposing the content 
and the coal in each to be equal; and in the case of 
their being only half filled with coal, the position of 
that in the deep grate will be very favourable for 
combustion, while that in the shallow grate, would 
scarcely bum at all. The advantage of placing the 
body of the coal in a deep grate, he illustrates by the 
well known fact, that a stick of wood bums much 
more rapidly in a vertical than in a horizontal posi- 
tion. But here Mr. Bull seems to have been led into 
error, by an apparent instead of a real analogy. The 
flame on a long stick, is suppUed in its whole length 
with pure air; but when a deep mass of fuel is en- 
closed in a grate or stove, the carbonic acid gas, 
rising from the under portions that have undergone 
combustion, mixes with the atmospheric air that 
penetrates upwards, and makes it wholly unfit to sup- 
port the combustion of the fuel with which it comes 
in contact. Even the hydrogen in a piece of dry pine 
wood, inserted in a mass of anthracite or coke in 
combustion, would flow through the red hot embers, 
without being inflamed. A piece of charcoal in the 
centre of a fire, if excluded from contact with air, 
will bear the fiercest heat without imdergoing any 
change; but all the heat which it contains, while 
not in combustion, should be considered as so much 
wasted. Anthracite and coke, and some varieties 
of coal, with a small proportion of bitumen, are 
often from idleness or inattention put into the grate 
in large pieces ; in that case scarcely any depth of 
fuel will be sufiicient to intercept the cold air that 
flows through the wide spaces left throughout the 
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mass. This kind of fdel shoidd be burned in small 
pieces, and unless we can arrange its pmrts so as to 
aHow a supply of air to all its snr£Eu:es, but which is 
impsaeticable, a greater depth of fuel than 4 or 5 
itt(^»s should not be ignited. With tl^t depth, the 
air M^nch enters beneath mxji be effectually prevented 
from, flowing- through the fire, without decomposition; 
and it is evident that it will be supplied to the 
uppermost layer of fuel, much puier, and excite a 
nore vivid combustion, than if the fuel wa» three 
times thicker; It need hardly be observed that, were 
the fbont bars replaced by a solid plate> as Mr. BuU 
irecommends, the fuel duonber should be placed low, 
not more than 4 or 5 inches above the hearth, or in 
general no higher ihaai would allow the ashes to be 
removed canveniently fsom beneath it ; and the fen* 
dar should not rise mere than 2 inches above the 
hearth. 

The fnd. dtttmber of the fiveplaees for burning 
Newoastle conk, appears to han^e been generally con- 
aftructsd on a pEuiciple dfawn fipom a similar analogy 
to that which seduced Mt. Bull, and is* made much 
deqier idian is proper*. From 7 to 9- inches- has been 
stated as a ceanmmi dimcnsiGn, but this is double 
nearly what it ougSit to he ; £ram:3 to 4 inches would 
he betten. With tbiv thioknesft of fu^, little unde« 
camy>seAaip-wQpld escape it; aadthehydrogen of the 
oaooLbttstible: would her. supplied with that quantity ai 
head; and ak sequinsd for its inflammation, asv it was 
evolved^ instead of being distilled merely from deep 
masBea^ as now, andi escaping, as* vapour into thechimr 
ney. To- supply an open or other fire with fuel from 
the bottom^ to prevent this, loss, is, however, a kind 
a£ deaideiBitam- with OBoke bum«8» But in theaa 
aehemea the waste o£ eflfect is very apparent ; a gjreat 
part o£ the hydrogen of the fuel rises through the in<^ 
caadeaoent mass, without undergoing combustion* 
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The effect would be greater, were the fuel sprinkled 
very thinly on the top of the incandescent snrfwfl;* 
When the coal contains much bitomen, it cakes when, 
heated; and if added in large quantities, a Nack. 
compact mass is formed on the top, from which tha 
greater part of the inflammable matter exudes in the 
form of smoke, and radiation from that portion o£ 
the surface is also prevented. 

Where a greater smrface is required,, the ioA 
chamber shoidd be extended horizontally, ratiberthHK 
vertically; for grates where common coei is burned 
in moderate sized pieces, the depth should be a con^ 
stant dimension seldom exceeifoig 4 inches, the width 
and length only varying with* the size of the aputment. 

From the ever varying conditiong of the problem, 
no general rcdea can be given for the proportion that 
an open fire should bear to the size of the apartment 
it is meant to warm. In eleven rooma varying from 
1400 to 4360 cubic feet of space, the average sur^Ebee 
of incandescent fuel, was 1 square inch to every 
8'4 cubic £Bet of space. But aa radiant heat does 
not warm the air it passes through, although a 
large room requires a large fire, this is supplied 
more with reference to the number of persons that 
may be congregated around it, than to the magnitude 
of the chamber. As much heat will be received by 
those standing at an open fire made on the snow in a 
field, as if it were blazing on the hearth of a baronial 
hall, or on the recessed hearth of a modem dining 
room. 

The radiant heat being emitted in straight lines, 
the stream may be guided iuto a particular direction, 
by giving a certain form to the hot body. A globe 
radiates its heat in every direction : from a concave 
aarfaee, the greater part of the rays will converge to a 
focus, and they will proceed at right angles to a plane 
■nrfoce. When the radiation therefore is to extend to 
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all parts of the room, a circular or curved form 
should be given to the bars of the fuel chamber, and 
a straight bar with the ends enclosed should be 
avoided. One of the many advantages of the Staf- 
fordshire grate and its modifications, is the circular 
form of the radiating mass as well as its advanced 
position in the room. Where the fuel chamber is 
either wholly or partially closed ; the enclosing sub- 
stance should be a bad conductor of heat, such as 
fire-stone or Stourbridge bricks or fire clay. 

A late smoke-doctor, in ignorance of Count Rum- 
ford's labours on this point, or perhaps in pursuit of 
distinction, ventured, as was his wonted manner, to 
give a rule of his own " to determine the position of 
the covings, so that they shall be best adapted for re- 
flecting the heat of the flame into the room." " Make," 
he continues, " b, the middle of the front of the grate, 
and by c, half the width, which is convenient for the 
opening ; and make, a, b, perpendicular, and equal to, 
b ; then join, a, c, and it is the direction in which the 
coving should be placed : a greater obliquity would 
be still more effective, because it would spread the 
rays more into the room, but is not so convenient in 
other respects. The back of the fire is usually 

FIG. CXLVII. 



straight, but unless the fire be small, it is an advan- 
tage to make the back in two parts, forming an obtuse 
angle at e; in this angle the smoke collects and 
ascends with less obstruction, than when it is dis- 
persed over a flat surface." The reflecting back being 
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placed at 3 inclies from the back of the fire-chamber, 
is very effectual in admitting air to cool the colmnn 
of smoke after it rises from the fire, and thus enabUng 
it to be blown into the room by eddies, which is fur- 
ther aided by the angle for the smoke much enlarging 
the depth of the throat of the chimney ; the broken 
back must reflect less of the heat of the flame into the 
room, than if it were formed straight according to the 
Count's instructions. On the whole the rule is a good 
one for spoiling a fireplace. 

From a notion that the larger the surface of fuel ex- 
posed to the room a greater quantity of heat will be 
emitted, the space between the front bars is always 
made as wide as possible, and the bars as small; 
and the practice would be judicious, if the large ex- 
posed surface could be kept at a vivid degree of 
incandescence, but experience shows that the greater 
the surface, the more it is cooled by currents of air, 
and the more it intercepts the radiation from the 
interior. In a grate in which the space between the 
bars was diminished from 2i inches to 1 inch, with 
a bar an inch in diameter, the exposed surface was 
encreased in steady brightness, the radiation was 
encreased, and the appearance was more cheerful. 
It was found superior to the wider spaced front, in 
burning the smaller sort of coal, and retaining the 
cinders better in the grate; and the bars always 
appeared freer from dust than those placed at greater 
intervals; and last, although not least in impor- 
tance, the poker when wielded by an uncouth, bar- 
barous hand, was not so destructive an implement 
to comfort as it usually is when the bars are placed 
wider. These bars were elliptical 1 inch in their ver- 
tical diameter, and half an inch in their horizontal 
diameter. Some old fashioned grates have semi-cylin- 
dric bars, with the flat side to the fire ; and the form 
is good for bringing the fuel as near the front of the 
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bar as possible, and not intercepting its radiation. 
The common circular bar is the next best, and is in- 
finitely superior to that recommended by a late smoke- 
doctor, as shown in Fig. 
F!€. cxLViii. CXLVIII. The bar slopes 

towards the fire, a, which en- 
^ \ creases the incandescent sur- 

f I face exposed to the chilHng 
influence, but decreraes the 
radiating surface towards the 
room, is adverse to the re- 
"fiectron of the heat that falls on its surface; and is 
found to be an ^untidy bar," always covered with 
dust, which it seems formed to retain, — altogether it 
is a model of what is to be avoided. 

The great object, says Ck>unt Rumford, in burning 
fuel in open grates, being to bring the radiant heat it 
produces into the room ; and as a considerable portion 
Df it is thrown on the surfaces within the hearth 
TBcess, it is of great importance to select a proper sub- 
stance for the jambs. Bodies which absorb heat are 
beated by that absorption, and therefore what is ad- 
sorbed cannot be reflected ; and as the jambs have to 
reflect the heat, they should be formed of substances 
which acquire the least heat when exposed to the direct 
rays of a clear fire. Fire stone and common bricks 
were recommended by this prince of smoke-doctors; 
and when bricks were used, to coat them with a fin6 
plaster ; and every part of the fireplace not exposed to 
be soiled by smoke, to be whitewashed and kept as 
dean as possible, as wbite reflects heat as well as 
light, and black, which reflects neither, should be 
avoided. The bars and bottom of the fuel chamber 
cannot be well made of any other material than iron ; 
Imt as this and other metals when rough and un- 
polished, are known to get very hot when exposed to 
the rays of a fire, and to cool with great rapidity also^ 
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on this account they are the worst materials to em>- 
ploy ahout a fireplace of this description^ as no cor* 
Knt of hot air ever sets from any part of the hearth 
reoess into the room, on the contrary ahnost the whole 
of the heat absorbed by the metal, is carried off 
hy the cmrent of air setting f ram the xoom into the 
chimney. Highly poUshed metallic smrfeuses are how- 
ever excellent reflectors of radiant heat, and are unob- 
jectionabley tiiough expensive materials for covings. 

It is to be noticed, mnreo!rer, .that the Count de- 
livered his excellent ^preeepts as applicable io fise- 
plaoes in which (the xadiant heat alone was to be made 
effective,and to theanost numerous class of caaes where 
eoonomyinthe Itrst ceet^ the apparatus had to be con- 
sidered, as well as the economy of the heat. But pre- 
judice and fashion in his own tune were too strong for 
his philosophy ; and when the price of all articles of 
iron was much greater thanit is now, he had to raise his 
voice against the waste of heat, occasioned by its in- 
discriminate use in an impolished state for the covings, 
and other parts of the hearth recess. In our thought- 
less times, from the elegance with which it is fashioned 
for common fireplaces, and its cheapness, iron is 
now a common material for covings, even in cottages. 
The Count's opinion was unfavourable to the use of 
hot air stoves, not only on account of their expense, 
but from the air as before noticed, being small in 
quantity in consequence of its motion being impeded 
in meandering behind the covings and back; and 
being often over heated, it was said to be burnt and 
unwholesome when it entered the room. 

From the position and form of the fire chamber the 
iron surfaces within the hearth recess are always kept 
at a high temperature. In a fireplace similar to that 
shown in Fig. CXLVL, with a fuel chamber 12 inches 
long, 8 inches wide, the hobs, covings, back, and 
ornaments had 5*7 square feet of surface, kept at an 
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verage temperature of 160°, in a room having a 
cubic content of 1470 feet, or about 258 feet of space 
to one of surface. Now a stove having the same 
quantity of surface at the same temperature, would 
have kept this room at a comfortable heat in the 
coldest weather ; that is, with a small portion only 
of the heat wasted in the hearth recess. 

This enormous loss of effect from the injudicious 
use of iron, is, however, of most easy remedy. By a 
slight alteration of the fireplace, iron becomes the 
best, instead of the worst, material of which it can be 
composed : all that is required being to form the back 
and covings, that the sdr, which may be made to flow 
rapidly over them, shall he carried into the apartment 
instead of into the chimney. The method of doing 
this is exceedingly simple. It is merely to return to 
the Louvre grate as a model from which to form 
every fireplace having metallic covings, whether in a 
palace or in a cottage; but more especially in the 
latter, where economy of fuel, as well as the comfort 
of heat, is of vital importance to the inhabitant. 
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ESSAY XII. 

In Sir Robert K. Porter's description of the Persian 
method of heating rooms> he calls the apparatus a 
kourcy, Delavalle, who describes it with great mi- 
nuteness, says the Persians call it a termor; and it 
consists of a square or round hole two spans or a 
little more in depth, and shaped something like an 
Italian cask. In this hole is placed an iron vessel 
of the same size, filled with ignited charcoal or other 
inflammable substance, which is often among the 
common people the dried dung of graminivorous 
animals. A wooden top, like a small low table, is 
then placed over the hole, upon which is thrown a 
large cotton quilted coverlet, which hangs down on 
all sides to the floor; and over this is usually 
thrown another coverlet of silk, ornamented with em- 
broidery. These coverings not only prevent the heat 
from rising to the ceiling, but diflfuse it by exposing 
a larger heating surface to the air of the chamber. 
The Persians, who eat or converse there, and some 
who sleep in the apartment, lie down on the floor, 
above the carpet, and lean with their shoulders 
against the wall, on square cushions; and they 
sometimes employ the tennor as a seat, for it is usually 
constructed in a part equally distant from the wall on 
both sides. Those who are not very cold put their 
feet only under the covering, but those who are colder 
put their hands also, and sometimes creep under it 
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altogether : and a gentle, penetrating, agreeable heat is 
thus diffused over the whole body. Those, however, 
who require less heat, let the coverlet hang down on 
their side to the floor, and enjoy without inconve- 
nience the moderately heated air of the apartment. 

When the fire in the tennor wants stirring or blowing 
up, it is performed by means of a small pipe, inserted 
through the iron vessel, which is made to rise above the 
floor as high as is thought necessary. When a person 
blows into this pipe at the upper end, it acts on the 
ire Hke a pair of bellows. At the return of warm 
weather, the stove-hole is closed up with a piece of 
stone, and the pipe rising above the floor is removed, 
80 that when the floor is covered with a carpet, which 
it always is in this country, no appearance of fireplace 
18 visible. 

The Jesuit missionary, Grammont, gives a good 
account of the methods of heating rooms among the 
Cldnese. A kang, says the father, is a kind of stove 
heated by a fdmace, and varies in its construction. 
The ti^kang (of which the flue runs under the pave- 
ment) ; that for ntting on, which has been noticed in 
tile latrodiictory Essay, is called kao-kang $ and a 
lliird variety, formed in the wall, is named tong-kang. 

A faoriaontal aedaon of the kao^kang is the subject 
of Rg. CXLHL ; and its vertical section of Fig. ttu, ' ^ 
taken on the length of the kang. 




The fomaoe, or fireplace, a, is placed considerably 
under the level of the floor, and is shaped like a cone, 
somewhat arched. The poor who are glad to make 
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the most of their iael, place the fiimace m the room 
that is heated; the middling sort in an adjoining 
room ; bat the rich form it on the outside, commonly 
uiider a north wall. An opening, b, is made throngh 
the wall, c, into a heating flue, d, that is carefully 
built of bricks, well cemented with moitar. This flue 
lises with a quick ascent from the furnace, and at the 
centre of the kang, another flue, e u, branches off at 
right angles, to the right and left. This flue has 

FIG. CL. 
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openings, t, », at each side, for the admission of the 
leated yapour coming from the frunace, into the 
space, under the top of the kang on which the fa- 
mily sit. The floor of this space, a, a, is made of 
well rammed clay, or bricks, placed edgeways, or 
large paving tiles. On this floor, or paving, small 
square piers, a?, about a foot high, are firmly set, at 
4mch a distance from each other as to support the 
four comers of each of the large tiles, m, that are 
placed on them, to form the roof of the kang. The 
depth of this space, varies from 12 inches to 18 

N 2 
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inches. The smoke, after it has spread into the 
space, under the roof, m, then enters the flue, n, at the 
points, 0, s, and is emitted at the apertures, r, r, which, 
among the poor in towns where fuel is scarce and 
dear, open into the room — ^hut in the country, and in 
gentlemen's houses, they open to the outside. 

A fire being lighted in the furnace, the smoke rises 
into the heating flue, d, and then flowing into the 
flue, e, it rises through the lateral openings, t, i, 
into the space under the pavement, and heats the floor, 
9», of the kang. 

The ti-kang, or floor-kang, is built like the kao- 
kang, but it has only one heating flue, which rises 
from the furnace under the pavement which is hol- 
low, to the further end of the apartment to be heated. 
Small lateral apertures are made in this flue, as in 
the kao-kang, to allow the smoke to spread from the 
flue into the space under the floor. 

The tong-kang, or kang built in the 
Fio. CLI. wall, differs from the ti-kang only in its 
perpendicular position. In this the heat- 
ing flue is carried along the floor, with 
openings from it at which the smoke 
ascends into the spaces of a hollow wall, 
and sometimes the heating flue is carried 
backward and forward as it rises along 
the length of the wall. A good notion of 
this variety will be had from the tong- 
kang by which Sir William Chambers 
heated the orangery at Kew Palace in 
1761. He there also, in imitation of a 
Chinese practice, introduced heated air 
into the house through an air-pipe or 
flue, in contact with the heating flues. In the Fig. 
CLI. the flue from the furnace is shown at a, the 
kang flues at c, and the hot air flue at e.* 

* Plant And Elevations of the Gardens and Buildings at Kew, p. 8. 
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The bricks formiog the paYement in the ti-kang 
are of a large size to diminish the number of joints. 
Those in the royal apartments are 2 feet square and 
4 inches thick, and cost, says Grammont, near 100 
crowns a piece. They are of a grey colour, owing to 
the manner in which they have been baked; and 
when coloured and glazed they are most beautiful, 
and appear as delicate as marble. In the palace and 
in great houses, the floor of the room over the kang 
is laid with two courses of large bricks to prevent 
the rise of the vapour, and moderate the heat. The i / 
mortar used in building the flues and bedding the ; 
tiles, is composed of one part of white or quick lime ) \ 
and one part of black lime. The black lime is found, 
says Grammont, at the entrance of coal-pits, and 
seems to be no other than coals dissolved by rain. 
The mortar mixture is excellent, and nearly resembles 
cement ; and being proof against rain and sun, also 
is used to cover whatever is exposed to the weather. 
As soon as the kang is finished, a fire is made to dry 
it quickly, and all the little holes at which vapour 
may ooze are carefully stopped by a mortar tempered 
with a kind of varnish called tong-yeou. The wealthy 
paint over the floor when heated with the varnish 
only, in order that the bricks when not glazed may 
imbibe it more readily. 

AU kinds of fuel are burned in these kangs ; but 
in the palace and best houses wood only is used, or 
a kind of coal that bums like tinder, and neither 
smokes nor smells. The general fuel is pit-coal, 
and charcoal, and the poor in the country bum furze, 
straw, and cow-dung ; and Mr. Ellis says, the dried 
broad leaf of the nelumbium also,* which is cultivated 
extensively on the banks of rivers for that purpose. 
They also bum a prepared fuel composed of coals 

* Account of Embassy, p. 45. 
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pou&ded to tbe sbe of coarse grairel, which, added to 
one third or an equal quantity of yellow clay, and 
kneaded into the form of bricks, give a greater a«d 
more pleasant heat, besides bemg miuch cheapei 
than coal or charcoaL 

The furnace is made exeeediogly small, when cosor 
pared wibh what would be oiu: practice in a similar 
case, and five or six hours are required to heat tbct 
pavement of the tl-kang ; but when thoroughly heated, 
Grammont observes, it takes but little fuel to keep ii. 
wsum. At Pekin the thermometer is akuost all thft 
winter between 11° or 2"" Fah. ; and although aU thft 
rooms are on tk» ground floor, and have nothing but 
paper windows, the heat from the kang is sufficieiub 
t0 keep, their temperature as high as 4%° or 50*^ FalL 
unith very little fife. The heat in the emperor's apart* 
ments, owing to the double slarata of paving tiles^ 
seldom rises higher than to 41*^ or 44^ Fah., and the 
warmtii is very g^tle and penetrating. 

1b order to anrect the noxious effect of the- 
vapours exuding &(»n the joints of a kang, always 
hsated, bowls o£ water are kept in the rooms and 
constantly renewed, and gold fishes are preserved in 
them as an ornament and for amusement. The em- 
peror's apartments, and those of persons of rank, ar» 
decorated with flowers in pots, and orange trees, which 
the philosophers pretend is the best way to absorb 
noxious vapours and purify the air. The poor en^^ 
close a vessel of copper or iron within the brick-wosk 
of the furnace, which, besides supplying them with 
hot water for tea, is allowed to evaporate during thft . 
night, to moisten and purify the air in the room« into 
which the vapours of the kang are admitted.* 
In the plan of the kao-kang, th» smokeifiue-k showm 

* Philosophical Transactions, voL Izi. partii* p. 61. 
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terminating in the apartment, as practised to ecomo* 
mize heat among the poorer Chinese, who move aJbeol 
in their houses scantily clothed. The constmetaoa 
of their houses constrains the better classes to live 
in apartments comparatively cold, and form a com** 
fortable portable climate by an abumdiance of warm 
clothing. Their rooms are generally very spadoof 
and hghted by very large windows, usually fiUed 
with fine silk or cotton stretched on frames, or oi & 
thick paper made in Corea; occasionally, in soma 
idaces, with glass or polished oyster shells. They art 
usually left open when they look towards the south* 
especially in rooms for the reception of company. 

At entertaiumiNitSy the two principal parsons ajw 
seated on the kang, and the other guests sit nearesC 
to it, according to their rank ; but however comfort* 
able may be its heat to those on or near it, it is not 
well calculated to promote the enjoyment of all the 
guests in a large psffty. When these are incommoded 
by the cold, the host accoomiodales his company wil& 
wide-sleeved spencers> lined with costly furs,* with 
which he stores his wardrobe again&N; the cold weft* 
ther, as an Enghshman does his ce^ar with wood aad 
coals. From the large openings m their houses, 
1^ better classes of Soulihem Chinese may be said 
almost to live entirely in the open air, even in their 
sharp winter, by the use of warm clothing. Mr. 
Abel says the cottages were of mud, without windows, 
and exposed to the air by a thousand apertures.t Mr. 
Ellis observed, that the Chinese did not seem to un- 
derstand how to combine the admission of hght with 
the exclusion of air. You may enjoy warmth and 
darkness, but light must be shut oat ;X ^^^ ^^ follows 



* Davin^ The Chinese, p. I£8* 
+ Narrative of Journey, p. 77. 
t Jomnal of EmbsMy, p. 78* 
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from tne great size of the good radiating paper or silk 
surface of their windows, and the small size of the 
kang furnace. 

Their kitchens are generally without chimneys, and 
the smoke escapes through a hole in the roof; and 
the plaster of the ceiling of an old kitchen is so much 
valued as manure, says Mr. Davis, that they will some- 
times put new plaster on the roof for the sake of the 
old. The kangs of the better houses have chimneys 
carried above the roof; and at an inland town, Mr. 
Ellis observed, that houses two stories high with chim- 
neys were common. Brasiers filled with lighted char- 
coal, are sometimes introduced into the kang, and 
withdrawn when the desired heat has been produced. 
The same implement is used as a temporary expedient 
to heat rooms. Open fires burning on a hearth are 
also seen but rarely in farmhouses. 

In European countries, covered brasiers or enclosed 
fireplaces are the most general distributors of heat. 
Dr. Clark calls them Dacian, and M. Morveau Rus- 
sian stoves. Among us they are known as German 
stoves, of which the Dutch and Swedish and other 
combinations are varieties. 

FIG. CLii. A. covered brasier, with the 

addition of a pipe to carry off 
the carbonic vapour, is the 
simplest form of the appa- 
ratus ; and if the pipe were 
bent as in the figure, a larger 
heating surface would be ob- 
tained, and the smoke re- 
tained longer in the apart- 
ment, while the combustion of the fuel would be 
retarded. 

The Dutch stove is the next step. Its heating sur- 
face is increased by a space left above the fuel, as in 
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Fig. CLIIL, but not separated from it, and the 
smoke is emitted by a pipe. This, which is the sim- 
plest form, is also the most useful, and that generally 
adopted in heating on the large scale. 

Where it is desired to obtain a greater proportion 
of heat from the smoke, it is made to pass, in the fol- 
lowing diagrams given by Keslar,* into a second 
chamber, as in Fig. CLIV., or into a third chamber, as 
in Fig. CLV. 



FIG. CLIII. 



PIG. CLIV. 



FIG. CLV. 
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FIG. CLVI. 



Fig. CLVI. is an ex- 
ample from the same collec- 
tion of a stove formed of 
wrought iron, and is given 
more especially to show the 
ancient method of supplying 
fuel, and regulating the 
draught and exit of th6 
smoke: a^ the fuel cham- 
ber ; c, door of ash-pit^ 
opened only to remove the 
ashes, and above which is 
the grating on which the 
fuel is laid ; «, door or lid 
of fireplace, always kept closed, except when intro- 
ducing wood. This will be recognised as the type of 




* Epargne Bois, p. 7. 



FIG. CLVII. 
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the modem stoves, which contain a magazine of fiidL 
The hot vapour passes into the circular chamber, h^ 
thence into c, and makes its exit at the mouth of the 
pipe, t, which is furnished with a valve or smoke dant- 
per^ i, retained in the situatioa it may be placed in by 
the counterpoise, r*. The fuel chamber ia made capa- 
cious^ and filled with wood 
at once ; but tike area of the 
pipe, through which the air 
rises into the ash-pit, is very 
small, and the quandtyof air 
admitted is further regulated 
by the valve at the* extremity 
of the air-pipe; and this 
ancient stove-doctor had a 
notion, that the longer the 
pipe through which the air 
flowed, the steadier and bet- 
ter was the draught into the 
fireplace. Fig. CLVII. is an 
example of a stove, built with 
rii-N tiles, and described by Kes- 
lar : o, door of ash-pit, al- 
ways closed, into which the air is admitted by the 
pipe, c, imder the fiiel laid on the bars of the fire- 
chamber, b, which is supplied with fuel from above, 
by opening the lid, a j and the smoke rises in a zigzag 
&shion through five horizontal chambers, and escapes 
at the pipe, t. A hollow space, it will be seen, is 
Ie£k between each circulating chamber, with the inten- 
tion of increasing the surface exposed to the apart- 
ment, as in Fig. CLVII. 

To M. Montalambert, says M. Morveau, is due 
the first introduction into France of stoves on the 
Russian construction. He called them chemin^es 
poeles, and about 1767 several were erected at Paris ; 
and even some Rusnaa workmen were brought 




17B 
tUther ID rardcr to hxre every advantage that the 
Bio«t perfect couatmction afforded.* 

BerthoUet, in a retort to the French Gonrmamt, 
dietiiigaiebed the Ruanan or CiennaB Btove from the 
Swedish, by the imoke in die former, after it riaM 
from the fuel, reeefUng to a diatauce from the fireplace 
into the flue, bo that it vaa was merely cooled bjr 
eoBtact with the waQi of the circuletmg charabera, 
and its he«t hy this means retained in dte apartment, 
which would otherwise hare escaped ccnnbined wiA 
the vapour. On the contrary, in the Swedish stove 
the circuoiTolutiona of the smoke were exposed to » 
vivid heat, and the diapoaitiau of the flues was niori 
broarable for die fiahgiiioaa vapoor undergoing- » 
second combustion in the cirei^ting chumela. 

In the followMg diagrana for Ae cmivolntioBS of 
the flues given by Leupoldj-f* die amakc coniM agaa 
intQ contact with a part of the highly healed eaxbem 
of the fuel chamber, and according to M. Morveas'v 
definition would form a Swedish stove, sad apacea 
might be left between each division to increase the 
heating surface. 
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About 1767, Count Cronatedt was appointed by the 
Swedish Government to puUiah an account of the 
beat manner of coDBtmcting stoves to economize 
wood; and Baron Wrede commonicated to him the 



ezperiments on etoves, which for several years had 
engaged his atteotion. The joint labours of these 
distinguiahed persons were placed in the hands of M. 
Palmstedt, an architect at Stockholm, who was en- 
gaged to prepare the drawings from which engravings 
were made, and published along with some observa- 
tions by Baron Carl Sparre, in 1775.* 

Some of the stoves iu this collection, says M. Mor- 
veau, have four, five, and even nine flues for the dr> 
cnlation of the smoke; some are contrived to receive 
one or more boilers, and others to act as ovens ; and 
all of them produce a great saving of heat, for the 
quantity of fuel which will last ws^-three days in a 
stove, will be consumed in twenty-three in an open 
fire, and with less effect. 

One of these stoves adapted for burning wood, ia 
shown in plan, Fig. CLX. ; in a longitudinal vertical 
section, Fig. CLXI. ; and in a transverse vertical 
section. Fig. CLXII.: a, the fuel chamber, b, c, d, 
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* Repcrt. of Fat. Idt. toI. U. p 



181 

the chambers or flues of circulation: the furnace 
door has a valve, f , to admit air to supply the fire^ 
and there is a damper or smoke valve fixed at the 
junction of the last circulating flue with the pipe that 
conveys the smoke into the chimney. The length of 
the fuel chamber is 42 inches, its width 21 inches, 
its height 36 inches, and the height of the chambers, 
b, c, is 18 inches; the flues, d, o, are 7 inches on the 
side. 

The billets are sawn of equal length, and as many 
of them put in at once as the fireplace will hold ; the 
wood is lighted, the fire door shut, and the air valve 
in it opened; at the same time the stopper that 
closes the small aperture, s, into the flue,p, is taken 
out, and a few bits of paper are burned in the flue 
to produce an upward current. The stopper is then 
quickly replaced, and a sufficient rarefaction having 
been made to establish a draught from the fireplace, 
the circulation of the smoke in the channels will then 
go on uninterruptedly in the direction shown by the 
arrows in the figure — rising from the fuel chamber, 
a, into the chambers of circulation, b, c, d, suc- 
cessively, then descending by the flue, o, and finally 
ascending by the flue, d, into the chimney. When 
the wood is sufficiently charred, the air valve in the 
fire door, t, and the damper are closed, and all the 
heat in the fuel and body of the stove is retained in 
the room, and warms it long after the combustion of 
the fuel has been suspended. 

In the Swedish stove, as altered by M. Morveau, 
the defects of the type are greatly aggravated. Two 
horizontal sections of this apparatus are shown in 
Fig. CLXIIL, and another in Fig. CLXIV., and a 
vertical section in Fig. CLXV. : a, the fuel chamber, 
enclosed on two of its sides by parallel iron plates with 
a space, c, between them, formed like a ''case of 
meanders" described in Cardinal Pohgnac's chimney. 
The fire chamber, a, is 9 inches wide, 20 inches long, 
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14iiu^efllu^ 1^ air-dumber, a, is 8 indtes high, 

16 iDcfaeB wide, and 18 indies long, which ia the inside 

width of the store, its length inside being 29 inches. 

The width of the flues, i, i, is 6 

wia. CLxiii. hidiBB, their kngth 18 inchee. 

: l^ekaghtofthebomoDtalflne 

coimectiiig at e, 9 inches. He 

height of the stove from the 

hearth to the underside of ttB 

Plot ia 60 inches. The ^- 

pipes, «, /, 4 inches in dianteter. 

The space, e, for the warm sir, 

was 3} inchea. The external 

air, or the air of the room, ia 

admitted into the lower division 

of the meanders, and rising 

thmngh one into the other, 

flows into the adi-chamber, «, 

where it receives an additioaid 

aapfiy vf beat befbn; it ia emitted into the room b^ 

1^ "boadwa ie chalenr," or warm fdr-ppes, t, g. 

no. cLxiv. 
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From the poatdon of the paraUel [dates forming the 
hot air channds, their snrface most always be nearer 
red hot, as wdl as the bottom of the air diamber, d; 
and the ^nvhich passes through them must be decom- 
posed or rendered unfit for the process of infaalatdon. 
l%e arrang e ment of the circulating flues is, however, 
neat, and where compactness is desirable it would be 
a good model ; and also where it was required to com- 
bine a ventilating with a heating stove, the side iron 
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air-^ates, without the meanders^ ivould make it a 
meritorious apparatus. 

To have the proper effect of stoves of every idnd, 
it is an essential condition that they stand detached 
from the wall ; and for the same reason, the more the 
heatmg flues are insulated from each other, the greater 
^ect will be produced by an apparatus having the 
same general dimensions. In this view the Russiaii 
stove, shown in the previous figures, is somewhat 
superior to the Swedish, especially on M. Morvean's 
model, in which the flues are grouped more compacdy. 

M. Morveau recommends a vase kept filled with 
water, to be placed on the top of his stove, to impart 
by evi^KNTation the necessary mmsture to the air d 
the rocnn ; and the eoBtrivanoe has been from time 
immemorial in general use in countries where cndoeed 
stoves are adof^ked. 

It is evident, although the smoke in its circum- 
volutions is brought in contact with the heated side 
formed of a thick tile ci the fuel chamber, that no 
seccmd combustion of the vapour, or, as it is tedmi- 
eally called, burning the smoke, can take place; and 
that tiie oidy effect produced by ezpoeiog the drcnuH 
vohitions to a vivid heat is to impart a higher tem- 
perature to the smoke at its CTftrance to tiie diimney 
flue, than it has in the upper circulating chamJber, 
and by this means to give a gieater vdxMaty to the 
air entering the fireplaoe. But then all the heat 
imparted to the smoke in the last flue escsqMS «p 
the chimney, without producing any ^fect in warming 
the air of the room, which is against M. Morveau^ 
ezcdlent maxim that the only usefrd heat is that sent 
into or retained in the apartment; and as it must be 
considered as so much heat lost, it becomes a posi- 
tive defect from which the Russian stove is free; 
Both fireplaces being the same in every respect, 
and also the quantity of fud, the air would enter 
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the fireplace of a Russian stove with a velocity equal 
to that in the Swedish stove, and the smoke escape 
at a lower temperature ; from the arrangement of the 
flues, the retardation of the current is less in the 
former than in the latter apparatus; and this in- 
creased retardation is a measure of fuel wasted. 

Neither is the greater heat supposed to he given to 
the surface of the Swedish stove hy this brisker cir- 
culation of the smoke at all an advantage ; for it has 
been laid down as a maxim, and applicable to heating 
stoves on every construction, that the more vivid or 
perfect the combustion in the fireplace, and the 
cooler the surface of the stove, or the nearer it is in 
temperature to the air of the room, the more perfect 
and salubrious will be the heating apparatus. And 
this desirable result is only to be attained by exposing 
the greatest quantity of heating or absorbing surface 
to the action of the least quantity of fuel. In most 
modem stoves this condition is almost reversed. 

In the North of Europe there is a bias in favour of 
descending flues, from being thought more effective 
in inverting the internal arrangement of the colunm 
of smoke, and consequently the circumvolutions of 
the flues in M. Morveau's stove, but without the 
air-pipes and air-chamber over them, is much com- 
mended and used. In the following figures, the cir- 
culating flues are supposed to be formed of cast or 
wrought iron, and to be insulated from each other 
and from the fire-chamber, so as to expose the 
greatest possible extent of heated surface to the con- 
tact of the air. Fig. CLXVI. is a horizontal section 
taken through the fireplace. Fig. CLXVII. a hori- 
zontal section through the upper horizontal flues. 
Fig. CLXVI II. a vertical section through two flues, 
e, h, on the length of the stove. Fig. CLXIX. a ver- 
tical section on the width ; and Fig. CLXX. also a 
vertical section through the flues,/, e. The small 
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arrows show the course of the smoke. The fire- 
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FIG. CLXVI. 
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FIG. CLXVIII. 
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chamber^ c, is 8 inches square, and 8 inches deep from 
the upper side of the fuel bars to the sill of the fire- 
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FIG. CLXX. 
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door, which is 4 inches high and 7 inches wide, with 
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a ralre, i, for admitting air when necessary, to ^ 
surface of the fuel. The fire-chamber from the fuel 
grate to the roof is 19 inches high, and lined on its 
sides and roof with fire-tiles 1^ inch thick, aad the 
fire-door is also lined with brick. The flue, o, that 
rises from the fire-chamber, is also lined with fire- 
brick to its jimction with the descending flue, e. All 
the circulating flues are insulated about li inch from 
the fire-chamber, and from each other, hj spaces, x, 
so as to admit the air to all their surfaces. The ash- 
pit, a, is 4i inches deep, and raised an inch above the 
floor. Its door, 4 inches high, by 7 inches long, has 
an air-valye,>. In this, as in all other stoves and 
furnaces, much of the effect depends on an accurate 
and dose fitting of these doors and valves ; small 
openings with stoppers made at the bottom of the 
flues, y,/, for the purpose of clearing the flue from 
soot, are to be reluted and made air-tight as often as 
they are opened. 

The operation of the stove is the same as that of 
M. Morveau's. The hot vapour rises from the fire- 
chamber into the horizontal flue, o, descends through 
e into r, thence rises through / into the horizontal 
flue, n, and descends through g, and ascends in h, 
which is connected with the chimney flue. In stoves 
with descending flues, some artifice is necessary to 
create a draught, and in these stoves there is generally 
a small door for this purpose (as in Fig. CLXV.) 
in one of the flues, in which to bum a small quantity 
of some inflammable substance, to commence a cir- 
culation; but the same effect may be more conve- 
niently produced by forming a connection between 
the upper part of tiie fire-chamber, and the smoke 
flue, by a pipe with a valve or damper, inserted into 
the last ascending flue. At hghting the fire, the valve 
is opened, and the smoke rises through the pipe into 
the chimney. When the draught is estabhshed, the 
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valve is slmty and tlie smoke descends in tlie flue, and 
the drcnlation thus beg^ ^ontmues. 

It is obmvB tbat the. store shewn in the figures 
may be svrrocuiideaL with a casing, and have the ex- 
Ivriial anr^dfluMed into the interior* Where this is 
pnu;ti8ed, the eaamg should not be more than 1^ indi 
idagtaaat from the ooitor «iu€ace of the drcidatix^ flues. 
A skJRTO of these dsaaoisioBs would es|M»se a heatiag 
mface ai 36 feet «qiiai«. 

The Swedish instractions vecooiaEieBd, when nsii^ 
bricks or sqiuae tiles, to lay them on their broadest 
ande, and to choose theoai as thin as possible for the 
interior partitions. The exterior is very frequently 
cased ividi |;laaBed tites. The stove is geoeialLy from 
£:ve to ten leet in height, and from three to six feet 
vide, for rooms oi otrdinny capacity* The great raze 
ibUows «s « matter of courae from the material they 
ire bulk o£j and liie loss whi^ it produces of the 
bsating ^ect of the faeL 

Hie wtmUitm of enclosing liie loHoke in channels 
is to thstmct its heat by bringing it m contact with 
the material of whidi diey are composed ; and the 
heat may be oonsldered a current which, if not ab» 
mrbed, passes up tihe dumney and produces no eflect. 
Vitreous substanoes, marUe, freestone, porcdain, 
and bricks, d»sofb « great part of die heat which 
IbUs on them, and dieir sui&ces quiddy become very 
hot, but the heat, wiudi they imbibe with rapidity, 
they transmit very slowly diroughout their mass; 
amarbk or brick tUe, or arod of glass, may be held in 
the hand at one end, while it is red-hot at the other. 
A piece of copper will aUow 90 parts of heat to pass 
through it in the same time that 37*4 jtarts will pass 
through iron ; 18 Iliroi:^h kad, while 2*3 parts only 
wiU pass thxuogh marble, 1*2 through porcelain, and 
1*1 through brick eordu A fire, thwefore, encased in 
copper, will heat m nMm twice m fast as if its top and 

02 
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sides were enclosed with iron ; and an iron stove wiU 
emit heat thirty times faster than one made of porce- 
lain or tiles, supposing the latter materials could be 
used as thin as the former; but as they must be 
several times thicker^ their comparative effect would 
be farther diminished. In the same substance, it is 
obvious that heat will be conducted more rapidly 
through a thin than a thick plate : an iron cockle, i 
inch thick, will transmit 22 parts of heat in the time 
that one, f inch thick, will conduct 16*6 parts, and an 
inch plate 10 parts. By increasing the thickness of 
metal, the same effect may be produced as by using 
marble or porcelain. 

Very thick metallic plates, porcelain, fire-stone, or 
tiles, are improper materials of which to form a stove, 
where economy of heat is. desirable. The inner sur- 
faces of the flue get very hot ; and they cannot reduce 
the temperature of the vapour under their own. The 
casing of a stove should not only have a good recep- 
tive surface to imbibe all the heat thrown upon it, but 
it should conduct that heat rapidly through its sub- 
stance. Thin plates of unpolished copper or iron, 
which unite these two properties in a considerable de- 
gree, are the best substances of which to form an air- 
heating apparatus. Iron stoves are very common in 
Germany; but according to Dr. Buxton, in Russia, 
where we should least expect to find them, stoves cased 
with earthenware or tiles are general, because these 
latter materials imbibe the heat from the smoke, and 
form a sort of magazine of caloric, which is given out 
to the room when the fire is extinguished. In some 
cases it may be desirable and convenient to have a 
low heat given out during some period to the room, — 
but procured in this manner, there is a great loss of 
effect. With tile or brick flues, it is impracticable to 
abstract a moderate portion of the whole heat from 
the smoke, for, as has. been observed, its accumula- 
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tion in the substance of the flue, or casing, enables 
the vapour to rise at a high temperature into the 
chimney. 

In the construction of stoves of all kinds, the follow- 
ing points are always to be kept in view : " to maintain 
in the fireplace the high temperature necessary for the 
perfect combustion of the fiiel, by enclosing it with 
substances which are good retainers of heat, such as 
fire-stone or bricks ; to have the means of regulating 
the quantity of air admitted to the fuel by valves in 
the doors, which enclose the ash-pit and fire-chamber, 
and by accurate fitting of the doors and valves them- 
selves ; — ^much of the ease of managing the heat of a 
stove, and comfort in its use, depends on attention to 
this last circumstance: thirdly, — ^to bring all the 
gaseous products of the combustion, as they are 
emitted from the fiiel, in contact with the largest pos- 
sible area of conducting surface, so as to preserve it at 
an equal temperature ; and lastly, to make the smoke 
enter the chimney with the smallest velocity, or lowest 
temperature that is practically consistent with the first 
condition. In no case should this temperature ex- 
ceed 150°, nor should the metallic surface ever be 
raised higher than 100% nor the stream of air issuing 
from it exceed 70°. There is no mechanical impedi- 
ment to insure this result at aU times, as in every 
case the combustion can be regulated by the admis- 
sion of air ; and if circumstances prevent the heating 
surface being enlarged to the proper proportion, the 
fire may be reduced so as to produce no more heat 
than can be carried off by the radiation and conduc- 
tion of the given surface." 

In the Russian and Swedish stoves, ascending and 
descending flues are considered necessary to abstract 
the greatest amoimt of heat from the smoke. In the 
common Dutch stove, the smoke is conducted from 
the fire-chamber into horizontal or vertical pipes, gene- 
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rally formed with bends or elbows. To detenniBe 
what effect these ascendSsg and descending flttes and 
elbows have in arresting the heat combined with the 
smoke ftowmg through the pipes, Mr. BuH made the 
following experiments. A room which was 8 feet in 
length, in width, and height, was formed' within another 
room, that was 14 feet long, 11 feet wide> and 9$ feet 
high„ that could be closed from the atmospheve, but 
ifte air eurcullsited in the space between the waflb and 
ceillbg of the two rooms. This inner room was 
successivefy heated by means of an open fireplace for 
burning wood, an open parloor grate for burning 
stone-coal, a east iron ten-j^te- store^ and a sheet 
iron cylinder stove; and the quantity of foel that was 
consumed by each apparatus to keep the room at tiie 
same temperature for the same time> was carefolLy 
noted ; — the results are given in the following table :— 



D«SGaiPTI<»( OF ApP^JtATUS., 



1. Chimney fireplace of ordi- 
nary construction for burning 
wood ..... 

2. Open parlour grate of ordi- 
nary construction' for burning 
anthracite coal • • . . 

Z. Cypen Franklin stove, witib 
one elbow joint and 5 feet of sis- 
inch pipe placed vertically, the 
fireplace being closed wi(^ a Sn^ 
board 

4. Cast iron ten>-plate stove 
' with one elbow joint and 5 feetof | 
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1000 
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WUItUlitK- 

talkied at tbe 
sametempera- 

ture in the 
combustion of 
equal weights 
of ftael. com- 
pared with 
No. 9. 



four-inch pipe placed horizontally 
entering the fe'e-board 

5*. Sheet iron; cylinxler stove, 
the interior surface coated with 
day lute with one elbow joint and 
5 feet of twooineh pipe placed' 
horizontally, entering, the &?&• 
hoard « ^ •■ » »- 

6. Sheet iron cyhnder stove-,, as 
be£(»!e described,, with 13i^ feet of 
twO'anch pipe in wldch^ there were 
thsee elbow joints^; the wh<dtf 
placed as folk)w»^3^ feet hori- 
zentaiiy, 5 feet vertically for an^ 
ascending current, and 5 feet ver- 
tically for a descending carrenl^ 
entering the fireboaxd 

7. Sheet ironi eylindev stove, 
as before descrihedyWdUi: 13^ feet 
of two-inch pipe, in> which there 
were 3 elbow joints placed as 
follows— 9 ineheft veittacally,. I2| 
feet horizontal]^, entering the 
fire-board •» •• .^ •• 

&. Sheet imif cylinder stove, 
as before described^ wit^ 9 el'- 
bow joists meameihg 13^ feet^ 
of two-inch pipe^ «[iteringi; the 
fice^board' .• «• . •• • 

9. Sheet insn cyhader stove; 
aa before described, mH^ 4^ feet 
ofltwo^nch'pipe, which appear to 
hove had 1^ elbow joints .. 
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100 
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100 
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Assuming the quantity of heat developed by using 
Ijie apparatus No. 9, to be 100, then, if the time 
occupied in any other experiment be deducted from 
100, the remainder shows the positive loss sustained 
in every 100 parts of heat by using that par- 
ticular apparatus. In No. 1, for instance, only 10 
out of 100 parts of heat were given to the room, and 
consequently there was a loss of 90 percent, by using 
that apparatus; and from the second column it is 
seen that 100 lbs. of fuel are required to heat the 
same room by an open fire, and 10 lbs. only by a sheet 
iron stove having 17 elbow joints. 

The experiments, 6, 7, and 8, were made with the 
same stove to determine the effect of the different 
constructions and positions of pipes of the same length, 
which in all other respects were similar, and from these 
it is apparent that the same length of pipe is much 
more efficacious in imparting heat to a room when it 
has elbows, than when it is straight; and, as the length 
of pipe producing a descending current was nearly 
equal in the experiments to that producing a hori- 
zontal current, the great advantage which has been 
supposed to be derived from the descending current 
does not appear to exist, although it may be some- 
what more efficacious than the same length and posi- 
tion of pipe producing an ascending current. Expe- 
riment 7 shows that a horizontal pipe, with the same 
number of elbows, is more efficacious in imparting 
heat than when placed vertically for an ascending and 
descending current. The cause of the increased 
effect, Mr. Bull observes, seems to arise from the 
shape of the pipe forcing the heated air to make 
abrupt turns, in doing which it impinges against the 
elbows with sufficient force to invert its internal 
arrangement, by which a new stratum of hot air from 
the interior of the current is brought more frequently 
in contact with the sides of the pipe, and particularly 
with the lower half of the horizontal pipe, which. 
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from various causes, gives out very little heat to the 
room without the aid of elhow joints. The two last 
experiments show also, that in ordinary circumstances 
the advantage gained hy increasing the length of pipe 
and nimiher of joints has a limit very far short of that 
which is found to he necessary to impart all, or the 
greatest part, of the heat generated to the air of the 
room. Only 5 parts in 100 were lost hy using IZi 
feet of pipe, consisting of 9 elhow joints ; whereas, 8 
additional elhow joints, and l6i feet additional of 
straight pipe, in all 28^ feet of pipe, were required to 
save these 5 parts, and prevent their flowing into the 
chimney. 

The great advantage gained hy lessening the cur- 
rent of air from the room into the chimney, is 
apparent from Experiment 2. In this the increased 
effect is not produced so much from the greater 
quantity of heat which enters the room, when com- 
pared with Experiment 1, hut from the diminished 
quantity of cold air that requires to he admitted to 
supply the place of that which is heated and constantly 
flowing up the chimney in the first experiment. The 
gain of heating effect hy using the pipe of smaller 
diameter arises partly from the retardation of the 
current, and partly from the small pipe exposing a 
greater surface to the air with the same quantity of 
smoke than a pipe of a larger diameter ; and whether 
the velocity of the current is diminished hy the con- 
struction, position, or length of the pipe, or its volume 
diminished hy reducing the diameter, in every case 
the same effect is produced. 

The common form of the Dutch stove, as con- 
structed on the small scale, is shown in section. 
Fig. CLXXI. The fire-chamher, a, is formed hy a 
cast iron cylinder, 6 inches in diameter, with a ledge 
at its lower end, on which the cast iron grating is 
supported, — this is often fixed at the distance of an 
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viG, Chxxx^ inch or more frauL the outside case^ 
of the rtove. The ask^pit hae^ a. 
dxxmy. 0, furnished with) aa air-^tal<ve;; 
the Mnofce biomi Idle five*-diaiiiber 
neea ioto the. pipe, e, which is geai^ 
rally contiiuied, where esDnomy of 
heat ieatediedv by a pipe with elbow 
jbiidah into the chimaey ftae. Na> 
heatiag' stove- apparatas Is- more 
simple and eaniijr formed thm this, 
and by prop^ care to make the adm 
pit ami fire-doors dose ezaetly, andi 
exclude all air from the intetiifr 
ezeept that admitted at the air-^nbre, 
aflDob phunng a- damper m the flner 
pip^, liie effect of t&e most CDmplex stoves maybe 
prodticed without thmr many diBadvantagss. 

The general di^ctof thiff appasatas asises fionr tiie 
mrae of fde\' being out. of aU proportion to die me*- 
tailie canng, which is consequentiy Icept at a. Y9rj 
b^^ temperatore; and. iis: often red-hot. A fire-cham^ 
h&r 7 inches- in diametter and 7 inches: deep is oniaUy 
endbsed in a. casing containing 5^ square feet of rav^ 
Ihce. The same- firepUcs woidd: be: sufficient fbr 20* 
or 30 feetof suifaes;^-— and. even^widi tdiat cs^adtjrtbe 
ttip> of the* stove" e^^osed to the vBpjar sni&ce of tte 
ftik; unless pnotectedy wiil.generaiiy be oveiiiBatedj.. 

Thestove showminphai^ 
ESg^ CLXXn^. and see*- 
tion^Iig. CLXXm., i&<HD 
tii0:8ame plan as the pi«^ 
ceding; with* some addi- 
tionvwMch obviate se^ea^ 
ofajeetions to l£e I>utE& 
stove, without^ deatroying' 
its simplid^. The fir»> 
chamber, a,- 8 inches off 
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each edde vttk % indies dsepy is endosed b^fenc 
fire-tileft, r, c, 1 iaeb thick, which axe placed in a eaob 
iron cause, f inch thi^, cast wi&s. a kdgs to suppost 

the fael giratangv a&d ^lav- 
jeeting' 3^ mches^ dowur- 
wardk inta the ash-pit, 
terminates is- hsiax shsrt 
standards or feet placed 
fssk the: side <^ ths stoirai 
A 8psc%. a;. ^ 4i indbea^ 
is^ leir adi: soisidL betwem 
tins* irofoi casing aoid ths 
iniBBat caflangp o£ tbft: stoire. 
Atl^e distaiicerof Sihchsa 
above tile upper edge ctf 
tib[& tales of Ihe . foeiUchaiifi- 
ber;. a: %sb»^aAski <v 1?> hiBh 
\ ti^if^ and 115^ inehes 
sqpiaD^ift fiandl on? ckats 
I or bcadcfitBrSO as to^hsave 
a spece^ r,. about li inch 
alli nound between it and 
the inner surface of the 
casi&g'ftar th» hot vapour fiom the fael to rise up- 
ward. A pktflr 9&. msoi, n, or a; tile, is fixed about 8 
iasheff abovfflhvtiie, c^dso'lsoving a space, r, about 
l^inch bd fl i wieitf itosec^e and tiie casing ; the roof of 
tiae t^baveyS^bofot ft^ioefaBS aboTe^tiie plate, terminates in 
Ifaasmokfl^ipe^x^y tiisfireMiaar and its valve is shown 
9t. b^ and the^ aah-pit: dsnop and air- valve at s, the 
mnEbop edge^of t^STsive being' half an inch above the 
imdsredge o^tfae iron easing of the smoke-chamber. 
tba BbBom is enclosed in; a plate iron casing so as 
teklenre a s^aoe, a^, oi l^ mch round it. This outer 
CBaoig is opeax: alt the bottom^ m m, and at the top, 
j^p^ and haa two filiet» pnojedang about half an inch 
&Qm its surfrca;. nai^ra^e of any kind is attached to 
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this outward casings and the air has free ingress and 
egress to the space, o, that it encloses. All the parts 
are accurately fitted, and no air enters the stove, except 
through the valves at s and b. The heating surface 
was 20^ square feet, and the depth of coke in the fire- 
chamher was generally about 5 inches ; and this was 
found sufficient for a room containing nearly 5600 
cubic feet of space. When there is fire, the hot va- 
pour from the fuel, being prevented from rising in a 
stream upwards by the tile, c, spreads along its under 
surface, and ascends all round the edge of the tile 
through the narrow space, r, which brings the smoke 
into contact with a large surface of the iron casing, 
and this contact is prolonged until it reaches the roof 
by flowing through the narrow space between the 
upper Idle and the casing ; the whole surface of the 
stove, thus kept in contact with the smoke, is equably 
heated, and the sdr which rises freely in the space, o, 
being brought rapidly in contact with this hot surface, 
is genially warmed and emitted, at p, into the room. 
The hall stove, a variety of the Pennsylvanian fire- 
place, combines much of the 
cheerfulness of an open fire with 
,many of the advantages of a 
stove. Fig. CLXXIV. is a trans- 
verse vertical section; t, ash- 
pit; a, fire-chamber, 7 inches 
deep, 7 inches wide, and 12 
inches long, with an opening 
of 14 inches between the upper 
grate bar and the mantel-plate, 
8, which is 5 inches deep; c, 
the throat, 3 inches deep, and 
the descending flue, 4 inches 
wide, leading into the horizontal 
flue, d, that conveys the smoke 
to the chimney, and in which in 
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all cases there should be placed a valve or damper. 
The Btove is Bet in the hearth recess, and insulated 
bf leaving a space, n, 2 inches wide all round it. This, 
in many cases, when compared with a. common fire- 
place, iM an economical and pleasant apparatus. 

The stove exhibited by Daslesme in 1680, was 
imitated t)y Dr. Franklin, who bad one, says Mr, 
Danforth, in liiB bedroom. " The front of the chiia- 
ney was completely manteled or stopped, but there 
was a canal about 3 inches square in the hearth, run> 
ning under the middle of tbe mantel, and opening 
into the chimney. On the outside, this canal was 
covered, escept a bole about 3 incbes diameter, over 
which was set a stone cylinder of about a foot in 
diameter, and two feet high, having a hole through 
its whole length answering to tbe bole in tbe canal, 
and upon the top of this stone was set a hoUow iron 
body, formed exactly like a pineapple with leaves. 
In the centre of the pine was the grate, and the top 
with the leaves being separate in the manner a pine 
is usually cut in that part, the coal was put into the 
pine, and the air was supplied for tbe draught througb 
a number of small holes between tbe leaves, not to be 
easily noticed."* 

The stove that tbe doc- 
Pio. CLXXV. tj,, himself described for 

I burning its own smoke, 
bad the same general 
arrangement as the pre- 
ceding, but with some in- 
genious additions to in< 
crease its beating effect.t 
Fig. CLXXV. is a hori- 
zontal section taken a few incbes above the hearth ; 
Eg. CLXXVl. a vertical transverse section ; and Fig_ 
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CLXXVII. a vertical longitiidiBBl sectioii; x, an open- 
ing m l^e cover ^liie stove, iviiidi has a likige dXs; 
«, fire-dmanber, in which the grating is fixed i h,% 
space OQBitanniAg a secoBii gnufeii\g ^ <r, ash-pl; with m 
drawer to votm^ Ifae wtos ; d^ «» hcnisoBtal flues at 
each side of the afflh^oz, conaxntmeatiiig with the 
vertical 4ues, «,«, whidi az» cainied ix^ tiie d^sin^. 
Tbe yaae a&d tflnes are placed in a niche fooned bjr 
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closing tip the fireplaee ; no ccwimum cation is left 
between the room and the flue, except throttgh the 
opening, x, in the lid. 

To use it, says the doctor, let the first fire be made 
after eight in the evemng, or before eight in the morn- 
ing, for at those hours there is usually a draft up a 
chimney, though it has long been without a fire — 
but between these hoars in the day there is often, in 
a cold chimney, a draft downwards, when, if you 
attempt to kindle a fire, the smoke will come into the 
room ; but to be certain of your proper time, hold a 
flame over the air-hole at the top of the vase. If the 
flame be drawn strongly down for a continuance 
without whiffling, you nmy first put in a few char- 
coals on the grate at o, lay eome snail sticks on the 
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•cfantsoak) floid sonae pioces of pspw on libe fitidkB, and 
kindle the paper: then shut down 1^ lid^ and the air 
win pass down ^hrmigh the air-hole ; blow the flame 
of the paper through the sticks and kindle liiem, a&d 
"Askr flame passing lospsr Idndke the dnapcod. The 
'flttne imd hot irapov> descending thnragh Iftie grating 
«t a, passes into the ehaoEiber^ b, and throiigh the 
second grating m its bottom into the M&.pit,«.- i^ 
hot Tapour wiH tiien divide itself ;—'<oiie portiGin will 
inm to 'tibe left azid pass Into ike hoiiBOOtal ekannda^ 
d and e, and entering the vertical flue, o, will be con- 
ducted into iAxe chimney. The othnr portion of ihe 
tBvided Taponr will make a similsr circmt on the kft 
Itand, in die eha&nc^s, d and c, and entering the Ter- 
tiesd ine, o, win also be oondneted tiience iirto the 
diinmey. The suifaces of die vase and air-box, and 
die part of die horizontal channels exposed to die 
room are heated by these orcnmrolntionB of tbe 
Tapour, and the air warmed by contact with diem 
spreads into die room. The 1ai]ger pieces of ooal 
that fiall through the gradng on the vase, are inter- 
cepted by the second grating, c, and l^e ashes bSl 
diroagh it into the ash-pit box, e. 

The action of diis weU arranged ^iparatas, it is 
obvious, depends on an upweord steady draught being 
maintained in the chimney flne, and therefore die 
ash-pit drawer and a door into the diamber, 6, to 
withdraw the cinders^ are to be made air-ti^t. In- 
stead of depen£ng on the common draught in the 
flue, at first lighting a fire, a small door may be made 
in the side of the flue to insert a piece of lighted 
paper, to produce an upward cmrent at pleasure. 

Burning faxA, by the reversed flame is the only 
method which allows it to be suj^Ued to a fire with 
the most perfect ^eet and predsion; but, aUhough 
a great number of sdiemes have been tried to bmn 
smoke and save the coala which are wasted on the 
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common method, only one attempt, and that exhibited 
little skill or ingenuity, has been made since the doc- 
tor's time to turn Daslesme's contrivance to a prac- 
tical account. 

In the infancy of gas lighting, Mr. Warner, a Saxon 
gentleman, proposed that cottages and farm-houses 
should be lighted as well as heated from the same 
fuel and stove. He enclosed the fresh .wood in a re- 
tort placed over the fire-chamber, and conducted the 
gas into purifying vessels, and finally into pipes per- 
forated with small holes, where it was inflamed to 
light the kitchen or bedroom. The surface of the 
stove in which this process was going on, heated the 
room effectually ; and instead of the cottager losing 
the whole cost of the fuel consumed, the Ugneous 
acid, oil, and tar produced by the distillation, was 
equal to half the value of the wood ; the expense of 
lamps and candles was saved, and there was resi- 
due of charcoal. Even where the gas light was not 
desired, still this process he affirmed was economical, 
for he returned the gas and burned it under the re- 
tort, and cooked by gas flame. Another advantage of 
this stove was the facility it gave of " preserving and 
smoking meat in a purified smoke, instead of having 
it dirtied and impregnated with the soot and resin of 
the fuel in common chimneys." Considering the pe- 
riod in which his apparatus was designed, it displays 
much ingenuity, but a general notice of it may now 
be considered sufficient, if it should stimulate some 
genius to revive the scheme, and invent an appara- 
tus that will combine the modem improvements in 
gas lighting, warming, and ventilation. About the 
same time, Mr. Stephens of Dublin described a 
method of saving fuel wasted in another process. 
Where lime is burned, an immense quantity of heat 
is dissipated in tbe atmosphere that might be eco- 

• Sonini'8 Jour. 1806. Rep. of Arts, Vol. V. p. 36. 
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nomically applied to some domestic purpose. Fig. 
CLXXVIIL is a section of a small kiln, a, in which the 
lime to he calcined was placed, and all the hot gaseous 
vapour expelled from the minerals was made to flow 
into a flue, c, and thence into flues arranged to heat a 
room or a greenhouse. Fig. CLXXIX. is a section of 
the. same kiln, constructed like a hot air stove : a, the 

FIG. CliXXVIII. 





kiln ; Sy the grating which is withdrawn to remove the 
calcined lime that falls into the pits ; c, door at which 
it is introduced ; n, n, channels for the admission of 
air into the space left around the kiln ; v, an aperture 
at which the warmed air issues into the distributing 
flue. 

The method adopted in Copenhagen a few years 
ago to heat some public rooms in the War Office, was 
by placing 48-pound cannon balls, made red-hot, in 
iron boxes of fine sand, which were put under the 
seats of chairs and tables : when the windows and 
fireplaces were carefully stopped, the warmth thus com- 
municated to the sand kept up in the apartment a 
heat of 60° F. for nine hours. The Copenhagen 
journalist gave no accoimt of the manner of heat- 
ing the balls, nor of the means by which they or 
the boxes were conveyed into the apartments ; and, 
therefore, it is to be considered more as a scheme 
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liiat miffkt he practiBed by warlike men, than one in 
actual use. The same may be observed of a mediod 
mentioned in the pubHc jonmalSj about the same 
time, of an American engineer, who warmed his fac- 
tory by means of the friction of two large ciradar 
plates of metal, that were pressed agaunrt each other 
and made to revolve with great rapidity. They 
were placed in «a. underground dxamber carefully 
closed, into which the air admitted from without 
was rapidly heated by coming in contact with the hot 
discs, and was then conveyed by tunnels into the 
various rooms of the building. The size of the 
discs, the speed at which they revolved, the power 
required to move them, the heat produced, and a 
variety of other data, were given with laudable frac- 
tional minuteness. The journalist, nalively enough, 
however, observed that one objection against this ap- 
paratus was the water-wheel being often stopped 
by frost when heat was most wanted^ and if liie 
discs were driven by steam, it perhaps would be 
found as economical to bum the same quantity of 
coals or wood in stoves as would be required to move 
the engine. 

In many coimtiies, as observed in a previous Essay, 
stove-heated rooms and a nauseous artificial climate 
are universal The nose, although an organ of ii^- 
nite sensibility in every region, and capable of per- 
ceiving the presence of offensive matters where the 
most delicate chenucal tests fail^ is nevertheless easily 
blunted, and what at the first impression feels pre- 
eminently disgusting, quickly becomes inoffensive* 
From habitual immersion in a polluted atmosphere, 
the Russ and others experience no inconvenience from 
gaseous putridity. The constant escape and renewal 
of a certain portion of heated air is only to be pro- 
cured at the expense of a certain quantity of fuel, which 
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neither Ms oMans nor the cooatiy vre mdeqvute to 
.flopply, but tiaifi liafi so possible 'ComeestioA vfi^L Ite 
«aiUrt% of fitove-faeated sir, or its panMhictioB bj tiie 
fltove. 

Dr. BiiKtoB Botieed tiDat tbe Genmas make tlieir 
«tOTO8 to open fixim tfaeovtaide of tl» rooBO, and tiwt 
it was the csstoai of their «ecTaiits to nae earlier, hf 
flome Imkqib, than Hie test of the fnnfly, to light 
the store, that the roam aught aoqwe an eipiahle 
temperature preirioBs to their cntmnoe to it The 
heat was always kept Beai:fy at 65^ and instead of 
•erowdhig voimd the firajdaoe, as in England danng 
waster, the company sat diepened in dnfiiBrent parts, 
as we do in smmner. The reason k •ohnons, every 
part of the room was eqfually warm. *' Bat^'' con- 
tinues the doctor, " I canlestifyl^t in Gennan rooms 
there is a doseness of £ae2ing to a person accoBtoraed 
to free air, which is nnpleasanty if not nnwholeeorae— 
no change of ak, lite windows closed as light as can 
he, and the iloor fits as exactly as the carpenter can 
make it The stove k air-tight, widi regard to the 
room, and t^bere k nothing to occ^ion a cmi«nt 
like an English open fire. The apartments of the 
sick almost inwariaUy smell disagreeaUy. I 4o 
not, however, recollect seeing a sangk ventilator m 
Germany, but I have repeatedly seen doubk -ma- 
dowa/'* In the cold weather most peopk everywhere 
are remks in keying a Tentaktor open whidi 'occa- 
sions a present inooOTvnknce, and when con9tnicted 
to be ck>sed and opened at pkasure it k not to be 
confided in. 

in England, wheve fad k pknly, and its waste 
masversalythe prcgn&ce agmnst stones is atroi^ and 
general. '* Three years ago,'' says the scientific ^diief 
of the antii^stovie CMation, ^^ I erected, ina spacionw bed- 

* EssBf on fiegslttked TflmpeniiiiK,p. 137. 

p2 
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room of my own house, a stove which was never 
heated so high as the boiling point of water, but which 
allowed no circulation of air by the chimney, except 
the small quantity which was admitted very near the 
hearthstone for supporting a slow combustion in the 
fiiel. Every thing seemed comfortably and philoso- 
phically arranged. The temperature of my room was 
nearly the same night and day, from 55° to 60° F. In 
a short time, however, my natural vigour of body and 
mind began to give way. My sleep became disturbed, 
my appetite declined, a fiirious cough with pains in the 
chest supervened, without having been preceded, how- 
ever, by any of the usual symptoms of catarrh, and my 
bowels were obstinately constipated ; for this general 
distexbperature, which continued for several months^ 
my kind medical friends prescribed a vast variety of 
remedies, such as blood-letting, blistering, cupping, 
expectorants, anti-spasmodics, emetics, diaphoretics, 
mercurial alteratives — a pharmaceutical ordeal which 
I underwent without any material benefit. At length 
I discovered that the main cause of these disordered 
functions was a peculiar state of the blood, caused by 
breathing an atmosphere not sufficiently renewed, in 
consequence of a nearly air-tight stove apparatus. I 
now caused the stove to be removed, a fire to be 
rekindled in the open grate, took a strong dose of 
purgative medicine to remove the hepatic secretion, 
and within three days of this change of plan I felt 
myself a new being — the powers of my body and 
mind resumed their wonted alacrity, in which state, 
thank God, they have ever since remained — chiefly 
owing, I have no doubt, to imembarrassed ventila- 
tion in every part of my house, and the suppression 
of stove malaria.'' * 
In this assuredly grave case, strongly put, by one 

* Architectural Mag. yol. ▼. p. 38. 
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who is familiar with the chemical points beanng on 
the question^ it must be confessed that the ''great 
stove itself" seems cruelly treated ; for it is clear to 
demonstration that the supposed malaria was not 
produced from injudicious construction^ or inherent 
defect in the heating apparatus^ but from the want 
of a small hole, having an area of about 3 inches, 
placed near the ceiling, in any part of the room, to emit 
the air contaminated by respiration, and other causes. 
Without this simple addition, all the evils attributed to 
the stove, would have been greatly aggravated, and 
the same deleterious malaria would have annoyed the 
philosopher, had his beloved steam-pipes, or a surface 
heated by hot water, given warmth to the apartment. 
Mr. Jeremy Bentham, in his '' Panopticon," notices 
another source of stove malaria, but, liberal and just 
in this as in every thing, he exonerates the oppressed 
air heater from reproach : a bad smell, he says, often 
arises in consequence of people spitting on the stove 
to try if it be hot ; but tlds '' nasty, offensive and un- 
mannerly practice," he suggests, should be reckoned 
unfashionable, and be remembered to the discredit of 
the spitter, and not be urged as an objection against 
the spittee. 

In England, the surface of the stove is almost 
always overheated, and the vegetable and animal mat- 
ter at all times floating in the air of a room, coming 
in contact with the hot surface, may be roasted or 
burned, and emit an unpleasant odour ; or when the 
stove, as is frequently the case, gets red-hot, it may 
decompose the air itself. Being usually constructed 
to open into the room, the gaseous matters also 
of the fuel sometimes escape at the door of the 
fire-chamber, but the same annoying and unwhole- 
some effect is produced by open fires. When it 
occurs with stoves, it may generally be referred to 
imperfect workmanship. Stoves, however skilfully 
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coDfltmetedy ate al99 li^aaied fot ekipiira^ Ibci air of 
ifier raoisttfre^ wMdi p redw ic eft lieadatdie aad fmpleasMrt 
aemaCioiis m ^e ito«e and tls'oat, wMeh iweans ozdy 
iSinit ifiien coM sdr is lieated, 16 is expanded, and Isas 
IeB9 moistiire in tbe siraie bviBc, tSkaft it l^od befsive Hih' 
dergomg tile process, for tiie savn^ effect is prodoeed 
m an equal de^ee hj steam or hot waster pipes, and 
hy every method of tieatia^. Is fact, Ji that portsoR 
of the air of a room tliat m leeated by an open fire wa» 
not nvinsked into the cbfraney beftxre it rose to tile 
nose, it would generaiUy be nsost offensire. Tbe heat 
radiating' from t^ glowii^ coeds and heated soirees 
about the grate, is a^^rbed by the mg aaid carpet 
and fnmiture, and by the elotiies of the company. 
These substances, in thecr turn, heat the air in contact 
wriik l^em, and it is s^^aaaast aiQ experience to a&m» 
ihs^ their sisrfsKes aQfe* as pnre and free from noxk»U9 
taint as those of a stove made of iron or porcelain. 

It is, huwevei, essential to the eeonomical effect 
of a store, that the room be nearly air-ti^t, and per- 
Biit no heated air t9 escape^ except what is vitiated by 
respiratioR and other causes, or thought necessary 
for wholesome rentilatioR. In apartments with il^ 
fitted rickety doors and windows, and a large extent 
of iS-glazed smfaee, and thin, heat-abscnrbing walls, 
abomxding kr wind efarnks-^-or in general in all cases* 
where the apartment appfoximaiee to the exposure of 
a field, as many English rooms do> — an open fire is 
to be preferred. Those who stand round a fire in a 
field receive as nrach heat as if they stood before it in 
a room, and in a room na more than if they were in a 
field. In a field or field-l&e room the same fire in a 
storve would be useless. 
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ESSAY XIIL 



Thb w2^ in which large buildings or rooms were 
fioimerly heated, particularly for manufacturing pur* 
poses, where open fires weie inadmissible^^ was by a 
sort of Dutch stove formed of a large cast or wrought 
iron vessel, generally square and set upon a founda- 
tion of brickwork, that enclosed a fiimace; and this 
apparatus was placed in the room te be heated. As 
far as economy of heat went, this was a great advance 
on the syston of open fires, but it was found to be 
unhealthy and dangerous ; and a large proportion of 
the accidental fires which, in former times, destroyed 
many factansa, originatAci from iU-conatructed stoves. 
The cockle was placed in a large area, but the air of 
the room not carrying off the heat from the surface 
so fast a& it waa produced, it was often red-hot ; the 
great heat rendering all the adjacent wood-work 
very combustible, when the stove cracked, or a joint 
opened, or any inflammable substance came into con- 
tact with the stove, a conflagration was inevitable. 

The best use made of this apparatus was in refining- 
houses for drying sugar. 

The neact step was to place the cockle, or kakle, as 
Mr. Laing writes it, in. a separate chamber adjoining 
or under the room to be heated; the external air ad- 
mitted into this room came in contact with the cockle 
surface, and was heated and conducted by a pipe or 
channel into the building. The sm(^e was carried 
by a pipe in the top of the cockle into a brick flue 
rising abave the roof. This, variety of apparatus is 
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Still extensively used, but more attention is paid to 
prevent its being overheated, by giving a better pro- 
portion to the fire and the cockle. 

Mr. Strutt, whose method of ventilation by a des- 
cending current has been noticed in a previous essay, 
about 1792 observed that in stoves on the construc- 
tion like that which has been described, '' the combina- 
tion of the heat from the fuel with the air was effected 
very imperfectly, on account of the latter being a bad 
conductor and incapable of being heated by radiation. 
The particles of air only which are in absolute contact 
with the iron are warmed by it, which, ascending in 
consequence of the decrease of its specific gravity, are 
replaced by others, but so slowly in comparison with 
the quantity of heat absorbed from the fuel, that the 
cockle is covered as it were by a blanket, and quickly 
becomes red-hot ;" Mr. Strutt therefore thought, that 
by enclosing all the air to be heated in a perpen- 
dicular tunnel of considerable height, and by this 
means bringing it nearer to the cockle, the current 
would, by having this direction given to it, keep the 
surface of the cockle cooler, and be itself raised to 
a higher temperature. 

An apparatus constructed on this principle is shown 
in section in Fig. CLXXX. : c, the ash-pit ; 0, the fuel 
chamber, 14 inches deep from the surface of the bars 
to the base of the cockle. The grate bars were 13 
inches long between the bearers, and the air admitted 
by three spaces between them. The cockle, a, was 
square on the plan, 30 inches on the side, and had 
88 square feet of surface, and was 2 inches thick, 
and cast with a projecting faucet on its roof to receive 
the smoke-pipe, t, 8 inches in diameter, so as to over- 
lap about 3 inches. It was set on an iron rim, as 
shown in the figure, 2 inches thick, 4 inches broad, 
and 3 inches high, which was bedded on the brick* 
work. A space, at, 10 inches wide, was left all round 
the cockle, and arched at top, and had an opening, 0, 
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12 inches square, through which the heated air was 

FIG. CLXXX. 




conveyed to the building. The cold air was admitted 
into the space, x, on three sides of the cockle, by the 
channel, v, which was constructed to give the entering 
air a direction so as to make it impinge on the surface 
of the cockle. The fireplace door fitted very accu- 
rately, and the ash-pit was enclosed by a door in 
which was a sliding valve to regulate the admission of 
the air. The cold air channel, x, was connected with 
another channel opening to the air on the level of the 
floor of the ash-pit, but by turning a valve this aperture 
was closed, and another opened that communicated 
with a perpendicular dry well terminating 23 feet 
under the level of the ash-pit. The cold air was ad- 
mitted from the well when the cockle surface was 
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bawmning too hoV and from the gi eater TAoatf thw 
given to the ascending air a much larger quantity im- 
pinged on the heating surface, which by this means 
had its temperature lowered. The same expedient was 
resorted to when a brisker ventilation than usual 
was required. This was a sadx more effective appa- 
ratus than the cockle placed br usual in a room ; and 
although it was not practicable to bring even the 
greater portion of the air into contact with the stove, 
still it comfortably warmed 19,200 feet of space, 
keeping it at 68° with an ample ventilation, when the 
air out of doors was at 25** F., which was nearly 329 
cubic feet of space to 1 square foot of heating surface ; 
and burning 27 lbs. of coal an hour. 

Mr. Strutt subsequently applied his principle in a 
still more effective way. He enclosed this perpendi- 
cular wall within another wall, leaving a distance of 14 
inches between them. And he divided this outer en- 
closure into nearly equal portions in its height. The 
inner wall, which was 9 inches thick, and placed at a 
distance of 7 inches from the cockle, he formed with 
openings like a honeycomb, through which the cold 
air rushed from the air-chamber and impinged on 
the cockle. He afterwards placed a wrought iron 
tube m. each, hole of tlus honeycombed wail, which 
reached 1x> withia. su quarter of an inch of the cockle, 
by ndiich means all the air admitted earae twice into 
eootact with the heated metal, and issued into the 
room at a temperature of 120*' ¥. la 1 80€ an hospital 
at Nottingham was heated by a stove constructed in 
this manner.. It was placed in a small s^artment, 
dbout 17 feet below the wards to be warned. The 
cockle was of wrought iron, i (^ an inch tluck, 4 feet 
en. the side^ and 5 feet high,, havix^^ about 73 square 
feet of heating sorfece. The builiSng, containing 
200,000 cubic feet oi space, enclosed with walls perfo- 
rated with a great immber of windows, was kept at a 
temperature of 60" F., night and day, from October 



to M^ritdtlLuiexpcB^tais of 448 Ibe. of coal daily;* 
or etch Bffaam foot ef rarisee kept 373{t cuUc feet 
of ipace at the temperature of 60° with about ISTlbs. 
of ctMttan hoai ; ifilbac be na error in the report. 

Tke atove Aown. ia Ik tdkanag figures was di- 
signcd by Mcmtb. Boalton sad Watt, to heat a mu- 
seum, uid elected in 180S. The greater part of the 
following deaeripliDn farmed the epedfication drawn 
up by these fningniabed engjneers for Ae gnidanee 
of their wmIdbmi who built it Fig. CLXXXI. ia a 
ns. GLXXxi. 



faoriaoDt^ sectioa taken a little above the leret of the 
pavement rfAc cold air chamber, fig. CLXXXII. M 
another hwi— lid aectioM takra bdow the roof to ex- 
hibit the dome of the stevs tm it would appear when 
looking downwards at it. Fig. CLXXXIII. ia a ver- 
tical section taken through tlie centre <^ the stove-; 
and Fig. CLXXXIV. ia also a rertieal sertion takes 

• Edldbu^h Kedlaa and SurgicalJounisl, vol. l7. p. 17. 
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through the air-chamber, t( 
wall in elevation. The sa 
fif^nres are placed on the same part. 

The cockle, h, 5 feet square, i« made of rolled iron 
platea i inch thick. It is 4 feet in height from its sole 
to the springing of the arch, to which hdght the aides 
are perpendicular ; at this point the dome commences, 
which is seraicircular in each direction; it ia open at 
bottom, and placed on the brickwork, n, containing 
the fireplace. The bottom of the cockle has a rim or 




ledge 10 inches wide, on wMch it stands. Where it 
stands over the flue it has a piece of iron plate, o, riveted 
to it, which projects downwards, c, the depth of the 
pavement, u, of the cold mi chamber, to protect the 
edge of the stone from the action of the smoke ; and 
it is further considered to be useful as lining the 
smoke-sht with a substance not liable to be da- 
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naged hj Uk uwertioBi of the «rottlBed poker, 

viachifl dcMnt JMckinuidfl and forwards eocaaonaliy 

FIG. CLxxxv. tockaritofiyae«oat«iHidi 

saajr adhere at the ndes, 
aad diasBuk 1k» (ywiiiig. 
I%e fluolcexdit ie abant 
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Sides <of die eoddcy aad 
iMPBied by tke validating 
iron bar, r, which has a notek upon each end, as shown 
in Fig. CLXXXV., and slips down upon a projecting 
piece riveted to the stove at each end; if the slit, which 
should be a little more In area than the sum ^i all 
the slits in the fire-grate, is too large or too small, it 
can be adjusted by altmng the projecting pieces. 

In placing the cockle great caa?e should be taken 
not to disturb the joints of the pavement of stcme or 
brick on which it is seated; and before the perf(»:ated 
wall is begun, a fire should be made in the fir^lace 
to ascertain whether all the joints are smoke-tigkt. 

The fire^dace is 18 inches wide axkd 21 inches long. 
The furnace has two common famace bars and two 
broad bars or side plates, which form three slits from 
f to ^ inch wide and 16 inches long. A greater area Sor 
air must not be given to the fa^ until it is ascertained 
from trial whether that will be sufficient to produce 
the proper draught in the chimney, so as to heat the 
surface of the stove sufficiently, but every chance of liie 
fire-man being able to make the stove red-hot, or even 
to raise it beyond 180°, must be avoided. The dead 
plate, m, and fi!roHdk><Br,eoi&ple!tetkefirepiaGe. The door 
Itas a hole m^ a, c&ier« at v^IukAl « v&j sosialL ^paao. 
tity of aor » adantted, vkkk is ibiiiid to assii^ llie oom- 
bnslioii. The dfad|ifate,«,f%.CLXXXIlI.«ai which 
die fiid » placed to he pushed lior»aid<» tiie giaUi^ 
maybe«lopfldaBmt&efigare»iBriakifiat; iEfesJodesais 
built about am i&ch into tibe u«i2, and its end leats im. 
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the bearuD^ bar. In anall lisrnaeeB tbts plxte and its 
cheeks and top mt cast in -odb pieoe, whkh aaakei a 
better finish than having them 6e|«rate. The adi-pit 
door hm n«knilar opiMMiHg wkk aclVdlcr in it, whadi 
is Qs^iil to diwiinTsh tiiie nrteMty of cuBabnstiam in 
particater states and diaaBtlisaiiof Ae wind. GmataBB 
is iffiqiiired to bhJm liwaedftCMS and vahieB ft as ckjaefy 
ns poflfiibK thst all air na^ beexduded fromithe jioTe 
bat what passes tfaiKmgli lihe Tolme openkig. 

The pecfocmted er hone]rcombed ira]l» « «^ piaoed at 
adistttrce^of tiiacfaasfomiihefladeBiof Iflie codkAe, A^ 
is 9 uxhoB thick, and canlniued aadnwaym orar dae 
mn dome, £Mn«ach(aif the sides, to tern agnnned 
arch. The bricks ua S incfaes broad, 2^ thick, and 9 
nuhfls looag. ISwse ior the aoches being rubbed to 
the proper radioB, S inches famad, and 2^ inches thick 
at the nmiover «ndL JJl Ae bricks are laid with 
tfaear ends tovaid the eoekie, and in each coarse, 
between everf two hncks, a sittce is left in which is 
inserted a tube of 4;hia idieet iron that reaches to 
within i inch ai the «ockie,aiid having about 2 inches 
h^ of the hrickvodc The bricks of the second 
course are bid av& the iran td^es of the first course, 
and flo on aHenuleSIf m Iho odier courses. The air- 
tiid>es ane 2 inches wide, 2$ iaches decjp, and 7i 
HG. cucxJLVx. inehea long, and made 

tof bhM^k voQed iraoy 4)f 
the thickness of com- 
flBon tin plate, with a 
la^ed joint in the 
lower aide. At the 
angles of the stove 
th^ fihould be insert- 
ad abont 4^ indifis 
into the wall, as shown 
in Fig. CLXXXVl. 
The tubes aise oemeot- 
ed into the biickwiack with aone £ne pSaster lime. 



216 

and great care taken that none drop into the space 
between the perforated wall and cockle. 

The arched dome of the perforated wall is carried 
up equally on the four sides to the fifth or sixth course, 
when the bricks may require some support to prevent 
their sliding inwards, and should be bedded in fine, 
but stiff mortar. As the dome when finished may sink 
a little, the end of the tubes of the fifth and following 
courses may be kept a little further than -I of an inch 
from the dome surface of the cockle; li inch will be 
found a sufficient distance when the dome has been 
properly constructed. In some cases a failure ensued 
from the air-tubes of the dome getting loose, and 

FIG. CLXXXVii. shpping down upon the surface of 

the cockle ; to prevent this, and 
I also to bind the work, the air tubes 

n 



of the sixth and following courses 
of the dome are made 14 inches 
long,asc,mFig.CLXXXVII.,with 
ears or flaps. Fig. CLXXXVIIL, 
FIG. CLXXXViii. about i inch broad at their outer 

end, which lie on the outer face of 
IB I the wall. Ifthey are made with- 

*-] p out flaps they should be at least 2 

inches longer than those in the perpendicular walls, and 
if formed to radiate to the centre like the bricks, the 
work ^nll be firmer and better. In the crown of the 
dome is left a large opening, p, 14 inches square, which 
also has an iron air-tube of that size reaching to the 
same distance of the surface as the small tubes. It is 
obvious that there should not be a less number of tubes 
in the upper half of the stove than in the lower half. 

The cold air chamber, c, which surrounds the perfo- 
rated wall, is 41 inches high, and of any width that is 
convenient ; it is shown in the figures about 16 inches 
wide, but in the Museum stove it was 29 inches wide. 
The pavement,/, forming its roof, and the floor of the 
warm air chamber, g, is of stone 6 inches thick, with a 
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FIG. CLXxxix. rabbet joints and mserte 
about 4 inches into the per- 
forated wall^ and 4 inches in 
the enclosing wall^ y, and 

carefully pointed with fine 

mortar, to prevent the admission of cold air throu^ 
crevices into the warm air chamber, which would im- 
pair the effect of the stove. To prevent the dissipa- 
tion of heat from the hot air chamber, the outer wall, 
z, is built hollow ; two 4^ inch walls, with a space of 4^ 
inches between them, are tied together with single 
bricks laid lengthwise across the space at certain in- 
tervals, one brick in each square foot of the vertical 
face of the wall being sufficient. On the top of this 
hollow wall is laid the iron ceiling, which consists of 
thin iron joists of strong grey cast iron, and soft enough 
to be drilled and tapped, with knobs at their lower edge. 
The distance of the joists being regulated by the width 
of the sheet iron that can be procured, two sets of thin 
iron bars are screwed to these knobs, which embrace 
between them, as shown in the figure, the edges of the 
thin iron plates laid edge to edge between the bars, 
with notches. in them to admit the screws. The 
plates overlap each other about 2 inches at their 
ends. 

. The holes in the bars are made easy for the screws 
to allow for their expansion, and for the same reason 
their ends, if they are in lengths, must not touch each 
other. The joists are laid upon a piece of iron plate 
bedded on the hollow wall. When the cdOing is 
screwed up to the joists, and the joints made good 
with a little plaster lime, the whole is filled up, ^ 
inches deep, with coal ashes from a house fire, sifted 
through a fine sieve. 

In heu of iron plates common wooden laths might 
be screwed in between the bars below the joists, and 
VOL. II. a 
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plsBtered abo^e and below,, without danger of their 
hnraiiig, as Ihere would he no access of air to them, 
JHit the economy vonld be but trifling. 

if Qonvenienee penuilted, the cold air should enter 
from every ude of the stove, but where from local 
<saaae» that cannot be practised, and the air enters fpom 
opposite sides, the ccHumunication of the edd air fine 
must be intenni|^ed by a walL 

The Bmoke-flne, d, is arched with a brick on edge, 
eoyered with the stone paving or bride, «, of iheodld 
air ehamber, and inade smoke tight, and great care 
is necessary in setting the cockle not to disturb the 
jotntSr A ftue is made from the ash-pit into this smoke* 
flue fisr the convenience of introducing a scraper to 
cleanse it from soot. Its Ofuning is eaanefully ek)aed 
with a tUe, and pointed with mortar as ofteu as it is 
replaced after this operation. The ash-pit is enclosed 
with a door fitted with a sliding valve, to admit die 
air to the fireplace. 

Apertures, iii, are Taade in the side of the hot air 
ehamber which open into the tunnels or pipes con^ 
ducting the heated air into the difiSerent stories of the 
building. Valvea are fixed in them in each story to 
Rgulate the quantity of warm air admitted ; but these 
valves must not be capable of shutting up the warm 
air passages entirely, otherwise at times for want of a 
sufficient circulation the cockle might get red-hot. An 
opeomg left round each valve, of about i square iooit, 
would be sufficient. 

Ficral air ohinmeys must afeobejaadein eachapaij^ 
BBsnt ioto which it is intended to introduce tiw hot 
air» otherwise it wiB not ent«:. Each has the same 
area as the aperture by which the heated w is adt- 
mitted, and is also fitted with a valve, that is folly 
opeaed before any fire is made in the stove. 

In fiome convemeitt part of the amx^e-flue there 19 
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a sliding damper, and a ^maU opening fitted vtth a 
door that shute closely, the use of which is to intro- 
duce some lighted paper or straw to produce a draught 
•at first lighting the fire, which odsierwifle would not 
9fft immediately. 

When the ^ is lighted in the furnace, the smoke 
filljs the cockle, and a portion of it then begins to pass 
downward throu|^ theemc^-slit into the flue, I, that 
runs along the side of the stove, and thence it flows 
into the horizontal flue that is connected with the 
chimney. In the meantime the cockle becoming 
hot warms the air in the surrounding space, which 
rises upwards and passes through the tubes in the 
perforated wall into the hot air chamber ; and the air 
entering from the cold air chamber is conducted by 
the air-tubes close to the sides of the cockle, and 
blows against it like a bellows, and rises in its turn 
with a greater or less velocity, according to the heat 
of the iron surface it impinges on, through the hot air 
tubes in the groined arch into the warm air chamber, 
and thence through the apertures, i i i, into the spaces 
to be heated. 

In some stoves both sides of the smoke-slit are lined 
with iron plate^ and instead of notches in the end of 
the regulating bar to slip, as has been described, upon 
a knob riveted to the side of the stove, the bar, a. Fig. 
CXC, turns on a joint, d, and the other end is fitted 
with a pin sliding in a groove^ which is screwed down 
when the slit is adjusted. 

WIG, OX€. 




In all cases where practicable, the openings of the 
hot air channels to the room should be near the floor, 

Q2 
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and the opening of tlie foul air flue near the ceilings and 
opposite each other. In a room 140 feet long and 37 
feet wide, and 9 feet between floor and ceiling, where 
one large hot air flue only opened near the floor in the 
middle of the side at one end, and the foul air flue near 
the ceiling in the middle of the opposite end, no part 
of the room diflTered on the same level more than 4" 
F., and what was least expected, the further end was' 
generally 1° or 2** warmer than that nearer the hot air 
aperture. 

In large buildings where workmen are employed it 
is advisable to place the register in the hot air tunnel, 
or in the foul air tunnel, where it cannot be altered ; 
in cold weather, without this precaution, it is often 
very diflicult to equalize the heat in the upper and 
lower stories. 

If it be necessary to form these valves so as to be 
able at any time wholly to exclude the warm air from 
the building, or from a part of it, a separate channel 
must be provided, opening outwards to allow a current 
of warm air to ascend from the stove, to carry the heat 
from its surface and prevent the cockle becoming 
red-hot. From not attending to this, cockles are 
liable to be overheated and crack, and the smoke and 
flame issues into the hot air chamber and finds its 
way into the building. If the cockle is of wrought 
iron and remains sound, it warps with the heat and 
forms cracks and fissures in the joints of the per- 
forated wall and in the brickwork on which it is 
seated, which occasion the same danger to the build- 
ing as a crevice in the cockle itself. 

As a means of preventing the flame accidentally 
issuing from the'stove into the building, the apertures, 
i % i, in the hot air chamber, may have a valve, hung 
on a joint and so loaded as to fall by its own weight 
uid close the aperture ; the cord attached to it passes 
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ecroit the opening, and has a weight at its extremitf 

sufficient to keep thevalve in its position. Should the 
flame by any means penetrate into the air chamber in 
paasing into the warm air flue, it would bum the cord 
to which the weight is hung ; and the valve, being then 
deprived of its coonterpoige, would faU and close the 
opening. 

In a stove erected Irom Mr. Strutt's design in an 
inflnnary, the fireplace had a somewhat different form 
from that designed at Soho. . Fig. CXCI. is a hori- 
zontal section of tliis fireplace cut by a plane passing 
through the second tier of ur pipes; and Fig. CXCII. 
b a vertical section through the centre of the ash-pit ; 
a, is afour-sided tunnel ormonth piece; i i, the grata 
bars ; c, a frame contuning a sliding plate to let out 

FIG. CXCI, 



the cinders and other refiise into the ash-pit; u, the 
Bsh-[ut, which is not enclosed ; vv, the sides of the 
hopper-shaped fireplace; o, the cockle ; z, the per- 
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forated wall; t, the space between it and the cockle^ 
:f, iron air tubes, or earthenware pipes^ reaching to 
itithin f of an inch of the side ; h, cold air chamber; 
n, smoke-flue. On the right and left of the fire* 
place is a bar of cast iron eztendmg the whole length 
of each mde, and placed at a distance of ^ an inch 
from the side of the stove, forming a narrow opening 
of that size into the smokeN^flne under the flanch of the 
cockle. To clear this narrow opeinng of the soot ad» 
heiing to it, two rakes, r, r, which riide in sockets 
riveted to the cockle, have prelecting piece% «, #, which 

]fIG« ozcii. 




fit the opening or smoke-slit. Every time the fire is 
mended the rakes are drawn backward and forward, 
and the projecting pieces scrape the smoke-slit and 
keep it always free of soot.* 
Where practicable, cold sar to supply the stcnre 

, • Sylveater. Phil, of Domestic Economy, pi. II. 



Aovld be diawli fieoBt a large underground tunned 
aa practised by Mr. Sinitt in tlife Derby Infirmary** 
By this means^ when the external air is at the 
freezing pointy the tnnnel will furnish air at nearly 
the mean temperaturej hy which a considerable por- 
tion of heat may be fiaved* The entrance of t)MB 
tunnel where it opeiia to the air should have a tum^ 
cap with a vsme placed mo that, its mouth will alwayfl 
be presented to the air, which inauDM at all times a 
aupply t6 the cold air chamber; 

The section df tJaia (tuimel^ieuld be squarey m em 
posing the greatest snrfaoe to'the coohi^ influence of 
the ground in which it is formed^; and itshould, if 
possible, be lined or cased with florae aubstai^Q that 
iaa good c<aid«ctor «f luat, in oxder that in winter 
the warmth of the earth may be propagated ra^^yto 
tto air flowing through it. Where the <}ttality of the 
air neaar the suriate nuly^ irom any cause, be con* 
sidered less pure than at a greater height in th» 
atrao^here, the entraDpe to the tunnel may> be.a^w 
tower — or a flue may be made to open high up in a waUi 
and carried downwarda into the cold air chamber.* 
. Mr. Sylyeater obserrea^ that it ia essential to the 
principle of Strutt's stove, that it^ should be placed 
ponsiderably bdow the kweai toom io be wttzned^ — 
from 15 to 20 feetyWtiere it can be obtnaed,ree]f«iUing 
from the bottom of the cold air chamber upward^^—- ta 
increase the velocUiy of the.hdated dsr. It it also better 
to heat a large quantity of airthrougk a, small numibdr 
of degrees, than the contrary. When (Hily a small 
quantity of air passes threugh the 8tove» dte cockle i» 
in danger of being overheMed. Mr% Sylvester saya^ 
the cockle surface should not rise above 280° ; beycmd 
this it has a tendency to injure the materials of which 
the flues are formed ; it is alio heated with less ees^ 

* See p. 8f . 
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nomy, — since, as has been observed, the smoke will 
pass away at a higher temperature. The tempera- 
ture of the surface he recommends is, however, a 
great deal too high; and much of the prejudice 
against stoves has arisen from this circumstance. 
Were the surface never to exceed 130% although 
the size of the stove would be increased, the salubrity 
of the air as well as economy of fuel would be 
greatly increased also. 

The effect of the Museum stove, which has been 
described, was not further observed than that it pro- 
duced a current of air vaiying from 73" to 81° where 
the external air was 33°, and that the temperature 
could be raised to 93°. 

A stove on the same construction in all its details, 
6*5 feet high and 5 feet on the side, with 118 square 
feet of surface, was found sufficient to warm 56,376 
cubic feet of space to 57°> when the air out of doors 
was at 29<>. 

In a factory containing 187>004 cubic feet of space, 
the two stoves had 316 square feet of surface, and 
maintained the air at 61°, when externally it was 35°. 
Two stoves with 327 square feet of surface vrarmed 
209,000 cubic feet. 

In a drying stove where the temperature was 104°, 
the heating surface required was 1 foot to *7^ of cubic 
space. 

By a small experimental stove with a heating surface 
of nearly 15 square feet, Mr. Sylvester kept 4500 cubic 
feet of air at 21° above the atmospheric temperature 
with 5 lbs. of coal an hour ; and by the same apparatus 
he raised 5086 cubic feet of air, or 339 lbs., 69°, which 
is equal to 20,000 lbs. raised 1° with 1 lb. of coal. In 
another experiment he raised 22,400 lbs. of air 1^ with 
the same quantity of fuel.* 

* Mr. Sylvester obseryed that "it was most remarkable that, 
although this stove was in use as early as 1792, and tnt to the in- 
spectioa of any inquirer, and the proprietors always willing to give 



The rtove of which Rg. CXCIII. ia an horizontal 

•ection, and Fig. CSCIV. a vertical gection, was 
erected bj the late Mr. Murray of Leeds. 



FIG. CXCIII. 




The fireplace, a, placed at the bottom of a brick 
tunnel, h h, is IS inches long, 15 inches wide and 45 
inches high above the fiimace bars, which are 26 
inches long, and laid horiiontally ; two of ihem being 

IntbnPKtIon far lu caniCnicUon, ret It wu not onn noticed Id any 
pDbllcrttlDil, lad wu adopted In bat very tevr Injtuicefl."— Phlloio- 
phy of Domevltc Economv, p. ^- In tbli, bowerer, he waa mltln* 

■ccoiut with eDgTiTinga haa bvvii quoted tliat waa pnbliahed In Ibjtf 



) of an inch broad, stb placed in llie centre, md with 
the tin> aide ban form three slits, each about ( of as 
inch wide; the height of the opening (tf the mouth- 
piece being about 10 inches, and its width that of the 
brick tunnel. The cockle, i i, placed at a distance 
of 9 inches from the tnimd, is j inch thick, of plate 
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iron riveted together like the boCer of a steam-engine, 
vith a flat-groined top. This cockle has a rim all 
round ita open end, 13 inches broad, turned down 
about an inch at its edge as diowD in the figure 
irtiich iaaeated on the brickwork 17 inches above tha 
nppersnrfaceof thefitraaeebars, a. The smoke-flue, 
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ee, is formed all round the edge of tfic cockle, hsrring 
tlie smoke-slit also carried round, as shown in Rfip. 
CXCIII. At a distance of 3 inches from the cockle is 
a 9 inch wall, g, built upon its rim or ledge, and rising 
to the height required to form an air chamber. The 
lower part of this wall has 7 perforated courses, simi- 
lar to those in the Strutt stove, but without iron 
tubes. Beyond this wall, at the distance of 6 inches, 
is another wall, reaching only about 7 inches above 
the upper perforated course, and covered with tiles ; 
its intention being to prevent the drifting of the 
rain or snow into the honeycomb openings, and ex- 
clude the high winds which prevail in the exposed 
situation in which the stove is erected. In the 
middle of each side of this low wall is an opening, n n, 
16 inches long and 10 inches high, which admits the 
external air to the perforated walL The smoke-flue, c, 
communicates valh the chimney, x, in the direction 
shown by the dMted line proceeding from it ; openings 
are made in die side, by which access is had to the 
smoke-flue when it requires cleaning ; and which is 
carefully stopped and luted after each operation ; k, I, m, 
are the apertures at which the air from the hot air 
chamber enters the tunnels that convey it to the 
different floors of the building. The practical defect 
in the stove is the dfficulty of clfcanitig out the 
space between the internal wall and the cockle. Th& 
effect was considered to be superioi'to that of a com- 
mon cockle, but the temperature ef the stream of air 
wks irregular, and the top of the cocMe was often 
over-heated. 

The stove, of whkh a vertical section is shown in 
Fig. CXCV., zad aseetionlin'ot^ the air chamber in 
Fig.CXCVI.,wii9describedby M r.Meikleham in 1822« 
The fireplaeeyOy makokB^Aaeye, smoke-efit and cockle, ni 
an on l^e same ccmstnietioai wi& tiie Strutt crtDve, as 
will be appaient from the cut; Hie cockle is 5 tet 



on the side, and 6 feet 6 inches high, and enclosed by 
a wall, w, placed at a distance of 6 inches on eveiy 




side. Deflecting thin iron plates, i, i, fixed in this wall, 
project within an inch of the cockle, each tier breaking 
joint as shown in Fig. CXCVI. At the springing of 
the dome this space begins to diminish, and near the 
opening, m, in crown of the arch, it approax^hes within 
3 inches of the roof of the cockle. The cold air enters 
the apace, i, by the openinga, c, c, which are made 
in three of its aidea, and in ita ascent ia brought in 
contact with the heated cockle bythetiera of horizon- 
tal plates, i, i, and ia further kept in contact with its 
hot roof from the apace dimininhing through which it 
flows into the aperture, o, that opens into the air 
chamber, ra, whence it is distributed to the building. 



229 

The under side of the dome was lined with thin iron 
plates, X, which being strongly heated by the radiation 
from the cockle, the air flowed as it were between two 
hot surfaces, and was considerably raised in tempera- 
ture after it passed the retarding horizontal plates, «, t. 

FIG. CXCVI. 




This apparatus had 118 square feet of heating sur- 
face, and maintained a cubic area of 50,216 cubic 
feet at 69°, when the external air was at 31**. 

The Chabannes' calorif^re described in a previous 
essay, stands pre-eminent among stoves for its air 
roasting powers, but a modification of it introduced by 
Dr. Amot at the Custom House, in which the tempe- 
rature of the fire- chamber is regulated by his elegant 
and ingenious mechanism, becomes an economical as 
well as salubrious generator of heat. The stove placed 
in the long room is shown in plan. Fig. CXCVII. and 
in section. Fig. CXCVIII. The fire-chamber, a, is sur- 
rounded by twenty-two tubes, 1 1, which have the form 
of a flattened cylinder, with whose surfaces the air that 
circulates through and around the stove come in con- 
tact ; c, smoke-flue descending through the floor ; d, 
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hopper or Teeeptaele ov^r iumace to oontain a 8nppl3r 
of baid; €, boiler for evapoFBtioa, •#-; fice gr^tiiig, m 
indies [above bottom, tvo looie famm of bars sup- 
ported at one end on a 
Pi«. cxcvii, sbiftiag kg, g, so that 

they can be let down 
if necessary to remove 
any obstruction from 
clinkers, and without 
extinguishing the fire. 
The sides of the fire- 
chamber are lined with 
Stourluidge lumps two 
inches thick. The ash- 
pit, g, fenns a continua- 
tion of the bottom 
of the fire-box ; and 
great care is re- 
quired in filhng up 
:&e ash-pit door, h, 
that it may shut quite 
close, so that no air 
may be admitted 
except through the 
\\J I J*pe> i, on the back 
of ajshrpit, for on this 
nudnly depends the 
successful action of 
jLaJt^estove. Themouth 
^*^^of thift pipe has a 
valv^ k, hung on 
jdvotfi and nicely ba- 
kmced, which <ia :moired by theiadse and fall of a float 
in ^mercury containad in a .^^Ms tube, e« The ^c- 
itvemity of this tube, .e, being inga»led into the stove, 
t^ beat capandfl Ihe air contained witiiin the back 
4[iaxtof Jityjasid^th&dnQixiiffyjQfies Aod iaUfi with tbe 
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terapeorature of the stove ; and is bo ad}tt0ted that as 
the heat incxeisefl it doees the valve and chedks the 
fire by admitting teas air, and it opens tiie valve whcai 
tiie beat dscreaaea. 

The fuel is supplied from the top through an aper- 
ture undertbe square pedoetal^whiehsHdes back. The 
outer lid^Oyis maude air-tight by aaand joint^andanother 
hd is plaeed within. Theliopper, d, is placed over the 
fire-box, a, leaving an interval of four incheB between 
the tap of one and the bottom of tiie other, for the 
escape of the air aind gas rinng from the incandesoent 
fuel. Hhe hopper diminishes the spaee for the acco* 
mulation of ^ explosive gases, beudes insuring a 
mora regular eombustian, as the fire-box is always 
kept full, and the Ml descends upon it in a prepared 
state ; e, aa inm pipe six inches diameter for carrying 
off the smoke. tFurdier to regulate the draught of 
tiie fire thsougk the smoke tulie, there is a -communis 
eation made to it from the aperture, », at die mouth 
of whidi a valve or £ap is suspended, so that i£ 
the draught &gs, ike fLap opens and admits the 
nr through the tube ^hidi quickens it. "When the 
draught is brisk it is checked by suddng the valve 
so dose that mo air can pass it. This valve is ge- 
nerally found in motion and serves to indicate {dainily 
tiie force of tiie £re. Tbe smoke tube is carried down 
through the flooring and then continued horizontally 
in ano^r tube nine inefaes diasMter, with the space 
between fiUed with poonded bviek. Underneath the 
junction of die horiaoaital tube with the vpright flue 
in the wall, tiiere is a receptacle to coQect the con- 
densed moisture which is liable to aeeumulate. A 
roitury blowing apparatus is jdaced in die fluq, a 
htde above, m order to gire the ^rst impulse to the 
draught from the stove by exhausting the air in 'die 
tube below, and thus drawing down the smoke. The 
body of the stove is entirely exposed to the influense 
of the £re oontained widiin iL 
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In a corresponding stove placed at the other end of 
the same room, the fire-chamber is carried up nearly 
to the top, and enclosed from the stove by a lid shut- 
ting into a sand groove, with a lesser one within it 
which is opened to admit the fuel ; and if any gas is 
distilled it is prevented from passing into the general 
enclosure, and carried by a small tube at top into the 
chimney flue. The regulator of this stove is a bar of 
of brass lengthening by expansion, which gives mo- 
tion to a valve formed of two discs, so hung together 
that as one is sucked close, another is opened. A 
third stove placed in the centre of the room has its 
pipe conveyed upwards through the ceiling. The iron 
and brass work of the three stoves weighs 6} tons. 

The room in which they are placed is 186 feet in 
length, 64 feet in width, and 44 feet in height, con- 
taining about 519^376 cubic feet of space ; and has 
thirty four windows in the sides and ceiling with 
2100 square feet of glazed surface. The three stoves 
contain 800 square feet of heating surface, which 
is kept nearly at 137°; and the air of the room at 58° 
in the coldest weather. From seven to eight gallons 
of water are evaporated in 24 hours, and when heated 
to the fullest extent the three stoves consume 6 bushels 
of coke in 24 hours.* The effect of this apparatus, 
both as regards the production of heat and economy 
of fuel, is excellent. 

From the position of the stoves on the floor and the 
low temperature of their surface, their radiation can 
be but trifling ; on that account they might without 
detriment to their action, have been placed out of 
sight as the stoves were which they superseded. The 
display of their lumbering masses has much impaired 
the architectural elegance of one of the most spacious 
and handsome rooms in the metropolis. 

Some years ago an old factory-heating appara- 
tus which is shown in Fig. CXCIX. and Fig. CO. 

* Traiuactionfl of loatitate of Architect! vol. i. p. 169. 




FIG. CC. 
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was revived by Mr. Perkins. In this the heat from 
the smoke rising from a middle-sized^ cylindrical, iron- 
plate Dutch stove^ was abstracted and thrown into the 
apartment : a, the stove, surrounded by a casing of 
FiG.cxcix. thin sheet iron leaving a space, t, of li 
inch round it, but open from top to bot- 
tom in front. The external air is intro- 
duced by the pipe at z, which blows over 
the hot surface of the stove into the 
room. In some instances the casing co- 
vered the half only of the stove, and where the air was 
emitted the casing approached to within I of an inch 
of the surface. 

The smoke was conveyed from the friel- 
chamber in the common way by a sheet-iron 
pipe, n, 6 or 7 inches in diameter, which passed 
through the ceilmg, n, into the floor above, 
and into the third story, where it was in- 
serted into the chimney. The smoke-pipe, 
n, was enclosed in a casing which left a 
space, X, about 2 inches all round, and the 
external air was admitted into the space by 
a pipe, ; openings, t, t, were made from 
the air space at the floor above, at which 
its communication from the outside with 
the lower air-pipe, o, terminated. Another 
pipe, 0, was inserted into the casing above 
these apertures ; and so on at each floor, if 
it continued to be carried upward. The 
air admitted at o, above the stove, rising in 
the space, «, was heated by contact with the 
smoke-pipe, n, and emitted into the room 
on the first floor at the apertures, t, t. The 
external air flowing into the space above 
these apertures was also warmed as it rose 
upwards by the smoke-pipe, and emitted 
above the floor in the third story in the 
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same manner a» in the floor below:, in some cases 
the smoke-^pe was earned up in the flue and 
formed an efficieiit apparatas at a moderate ooit 
It is olmons lihat there wofdd be a good ventUa- 
j tion with this apjwratns, smoe as much air escaped 
from the room as entetsed it. The effect was not, 
however, so great as it ought to have been, from 
the perpen<£cu]ar posUaoa «f the suM^e-pipe being 
unfavourable for bringing the air in contact with its 
sar£Eice; and the same ppeitiou operated to diminish 
the contact of the hot smi^ en the pipe; rising iaau 
uninterrupted colmou, a great pait^ its interior heat 
produced no effect, and elbows on the ^pe to invert 
its internal arrangementi were inadmissible on ac- 
count of the accumulation of soot which they occa- 
sioned — but their effed: m^ht have been attained by 
a throttle or turning valve in each pipe, which could 
have been adjusted to bring the smoke flowing past 
them nearer to the surface of the pipe at pleasure. 

A pipe 6 inches in diameter and 27 feet high, with a 
surrounding space <^ 2 inches, was aufficient, when 
the windows were air-tight, to maintain three rooms 
containing 4063 cubic feet at 58^ when the external 
air was 29^ This heat previously passed through the 
pipewithout performing any servicewhatev^r; and, had 
the smoke-pipe been throtded, the same surface would 
have warmed a much greater cubical area. 

Mr. Beaumont's stove is shown in Fig. CCI., and 
Fig. CCIL A foundation of bricks, a, is laid two 
courses high and 25 inches square, leaving an ash-hole 
6i inches wide. Upon this are laid two plates of cast 
iron, c, each 9 inches wide, 25 inches long, and an inch 
thick, with a rabbet i inch wide in their inn^ and 
upper edge, to reoeive a counter rabbet in the middle 
plate of iron, d, of l^e same thickness, 7i inches wide 
and 20 inches long, which draws out by a ring fixed 
in it, when it is necessary to empty the ashes into the 
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BslL-faok. An apertaxe, e, 12 indies vqniave, is Mt in 
tlie drum £)r tkesmoike-iftae. Hie dium beo^idaoed 
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on tbe plates^ l&e smoke aperture^ «, is reduced to 6 
inches in width by 4i inclies in height^ by a collar 
formed of Stourbridge biicks or Welsh lumps, 12 
inches by 9 inches, 3 inches thick, set in Stourbridge 
clay; and the rest of the in^de is lined with 3 courses 
of Stourbridge bricks set on end and on edge, and 
bedded in Stourbridge cli^. The drum is covered 
with a cir(»alar pkkte of cast iron having a dowi^ 
ward lip round the edge to receive the upper edge 
of the drum. In the middle of this cover, n» there is 
a hole 7 inches in diameter for the admission of 
fuel, and Idiis is covered with a lid which moves on a 
pivot to regulate the admission of the air. It is 
8eld(»n necessary to leave it open more than an indi 
for that purpose. The lid itself is cast with a nm 
projecting about an inch, that it may contain a little 
water, for a moderate evaporation preserves the salu- 
brity of air artificially heated. " When a fire is wanted, 
a few coals are first thrown in, then some sticks and 
paper are placed over it^ and some cinders or coke with 
a few bits of coal are immediately put on the wood, 

r2 
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taking care to give the fuel a slope in bucH manner as 
to leave the opening to the smoke-flue pretty clear; the 
aperture at top is then nearly closed. After the fire 
has been lighted^ the first effect is for the smoke to 
ascend towards the aperture over it, but this is opposed 
to the downward current produced through the small 
aperture to supply the vacuum caused by the fire. 
The smoke is seen curling about in its endeavour to 
ascend, but It is driven back by the downward current 
which now sets into the smoke aperture, ej and carry- 
ing with it the gaseous products of the combustion 
into the flue, s, the fire continues to biun clear and 
bright. At night the aperture is closed and the fire 
goes out. All the fuel is consumed — a perfect com- 
bustion has been produced — no soot is produced to 
choke the flues, nor half-burned coals and cinders re- 
main to fill the ash-pit ; a red ash is all that remains." 
The management of the stove is easy ; all that is 
required being to push the shde, d, home before the 
fire is lighted, and to let the fire bum bright before 
much fuel be put on, and to keep the smoke- vent, e, 
from being choked up by overloading it with fuel. A 
small scraper, something like a chimney-sweeper's, is 
the only implement required to clear out the smoke- 
fl^e ; with its handle it should not exceed 15 inches 
in length, that a violent servant may not injure the 
brickwork. 

In noticing some modes of heating which had been 
tried in an office, before this stove was constructed, 
Mr. Beaumont says, that although the air was some- 
times too hot, still the clerks always complained of 
cold feet. They had mats given them to stand on, 
and they frequently left their desks to get a warm at 
the hot air vents or steam-case, but still their feet were 
cold ; and it being considered that this could only be 
removed by causing the heat to rise through the paved 
floor itself, a flue was accordingly constructed under 
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the pavement — ^the paving stones themselves forming 
the roof of it. The flue is a foot square, and begins 
on one side of the office, travels imder the pavement, 
along that side, across the top, and down the other 
side, where it enters an upright flue in the party wall. 
The hot vapour from the stove enters this flue and 
passes under the feet of the clerks, which it keeps 
comfortably warm ; the heat, hdng filtered as it were 
through stone, rises in the utmost purity. There is 
no longer a difficulty in keeping up the heat to a re- 
quired pitch ; the warmth is so considerable from a 
mere handful of fire, that the difficulty has been to 
keep it low enough without putting the fire out. An 
office and principal staircase are kept warm at an an- 
nual expense of thirty shillings, or about three-pence 
a day for the cold season ; a similar degree of heat 
from another apparatus cost eighteen pounds annu- 
ally. Persons coming in from the open air have com- 
plained of our keeping large fires, and when they have 
been shown that the fire was a smaU one burning 
without fierceness, and which might be contained in 
the crown of a hat, they have denied their belief to the 
fact, and insisted that the warmth which they felt 
must have been procured from some other source. It 
really does appear like magic, says Mr. Beaumont, 
but the case proves the fact of one part only of the 
heat from the previous apparatus going to the place 
to be heated, and that eleven parts went up the chim- 
ney and was wasted at the house-top.* 

A sketch of the stoves invented by Mr. Bernhardt 
is shown in Fig. CCIII. and Fig. CCIV. : a, the fur- 
nace; 5, 16 iron pipes, nine inches in diameter and 18 
feet long, through which the smoke from the stove moves 
in an ascending direction to the pipes, c, c, which con- 
vey it to the flue. These heating pipes are enclosed in a 

Hints for Preventing Damage by Fire, p. 52. 
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dHuiiber, w, throiigh the floor of whiclt cold aar i» ad* 
nitttd fpora tli0 tvanel, t, wliieh^ eomin^ into contact 
witib tke series of heated- pipes, d, as it rses into tile 
chamber, is heated, and then cendneted through the 
openings, i, i, ist its roef, iirto the* pipe^ or tunnels 
which convey it to the rooms where wajmoth is re^ 

qwed. The smoke in 
fi€k cciM. circnladang threwgh 

jci \o\ these p^e» deposits 

LLjp neariy the whdie of 
its soot ; and as the 
necessity of remov- 
ing k is of frequent 
veeurrenee, it is 
cleared by opening 
the sBiall doors, h, h, 
made on the outside 
of the wall. 
The temperrtture of the streani ^ ^ issuing from 
the apertures <fid not rise higher than 130?. 

The pipes fonmii^ 
Fi«6. ccir. this stove had 47« 

square feet of suiv 
&ce ; and three other 
stores were pkiced m 
the same mansion. 




[ 




2 



a 



which does not perhaps contain a cubic aree of 1 50,00€^ 
fbet;^ so that as much pipe strrfece was used to wami> 
it, " as was sufficient, had it been Jodiciousfy em^ 
jHBoyed, ta heat Ae vast area of St. !RiuF» or West- 
mineter Abbey.*'* 



iMdik Iffifl^ v«L T. ywlA. 



ESSAY XIV. 



Thxbb m aometkuigp pleasaoii: in the recoUectiom of 
Sir Hugh Piatt, seTeral of whoee contributions to 
fireside comfort have been already described. That 
truly aflfectionate and dili^i^t lover of plants held 
a correspondence with the favourers of agriculture, 
and gardening throughout England; and although a 
lawyer, such^says Weston^ was his justice and modesty, 
that he always named the auth(»r of every discovery 
communicated to him. The excellent knighty having 
nowhere mentioned that he received the hint from 
another, is to be considered the first who pointed out 
steam as a medium for heating the air of a room. 

" For the keeping/' says Sir Hugh, '^of any flowers 
or plants abroad, as also of those seeds sowed within 
doors, or other pots of flowers or dwarf trees, in a 
temperate heat, with small charge you may perfbrm 
the same, by hanging a cover of tin er other metaU 
over the vessel wherein you boil your beefe or drive 
your buck, which having a pipe in the top^ and- beingi 
made in the fashion of a funnel^may be conveyed inta 
what place of your orchard or gaorden; you shall think 
meete ; which room if it were so made as that at your 
pleasure it may beeome either dose or open, you may 
keep it in the nature of a stove in the night season, or 
in any other cold weather, and in the summer weather 
yois may use the benefit of the sun beames to comfort 
^^ cherish your plants and seeds ; and this way, if I 
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bee not deceived^ you may have both oranges, lemons, 
pomegranates, yea, peradventure, coloquintida, and 
pepper trees and such like. The sides of this room, if 
you think goode, may bee plaistered, and the top 
thereof may be covered with some strained canvas to 
take away at your pleasure. Quaere, If it be the best 
to let the pipe of lead to breathe out at the end only, 
or else at divers small vents which may be made in 
that part of the pipe which passeth along the stove. 
I fear that this is but a meer conceit, because the 
steam of water will not extend far ; but if the cover to 
your pot bee of metall, and made so close that no air 
can breathe out saving at the pipe which is soldered 
or well closed in some part of the cover, then it seem- 
eth probable that this cover may be put on after the 
pot is scummed.*'* 

In 1745, Colonel William Cook improved on Sir 
Hugh's suggestion, and gave a diagram of an engine 
for heating sdl the rooms 
in a house from the kit- 
chen fire. InFig.CCV. 
"a is a copper with a 
still-head ; h, a copper or 
lead pipe through which 
the steam from the head 
of boiling water heats. In 
its passing through the 
eight rooms, the pipe is 
fixed to the wall or side 
of the room ; in the place 
of the chimney, c, are 
stopcocks by which the 
steam may be suffered 
to pass as fast or as slow 
as you please; d, vent for 



FIC. ccv. 




* Garden of Eden, p. 19. Stuart. Anecdotes of Steam |Enginea, 
p. 36. 
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steam to pass out at; and e, cistern of water to re- 
plenish copper as it boils away/'* 

The Colonel's scheme was propomided as a saving, 
and was so far practicable, that there is no doubt, 
with a tithe of the coals wasted in the fireplace, he 
could have heated three times the number of rooms 
enumerated in his proposal. In 1755, it was sug- 
gested as a method for forcing fruits.f 

The first practical application of these hints was 
made by the celebrated improver of the steam-engine. 
In the winter of 1784-5, Mr. Watt used it for warming 
the room in which he commonly wrote. The apart- 
ment was 18 feet long, 14 wide, and 8^ feet high. The 
apparatus was a box or heater made of two side plates 
of tinned iron, about 3^ feet long by 2i feet wide, 
kept at the distance of an inch asimder by stays, and 
joined round the edges by other tin plates. This box 
was placed on its edge near the floor of the room, and 
furnished with a cock to let out the air, and a pipe 
proceeding from its lower edge to a boiler in an under 
apartment to supply steam and return the water of 
condensation. The effect produced by this apparatus 
was less than Mr. Watt expected, but the failure 
could not be explained until Leslie made his 
experiments on the heat transmitted by polished sur- 
faces. Soon after this, Mr. Boulton heated a room 
in his house by steam; and about 17 S9, a bath also, 
which he continued to use for twenty four years, t 

Mr. Wakefield, at Liverpool, with a knowledge of 
what had been done elsewhere, in 1788, made the first 
attempt at heating a hot-house by steam.§ And in 
1791^ Mr. Hoyle, of Halifax, had a patent for heating 
by steam-filled pipes, in which the vapour was carried 
to the highest elevation, and thence by a gentle decli- 

* Phil. Trans., 1745, p. 870. 

t Gentleman's Mag., 1755. 

t Treatise on Economy of Foel, p. ziii. 

I Loudon, Remarks on Construction of Hot-houses, p. 53. 
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"vfty was made to d^^iosit the condensed steam or water 
into the supply cistern of tliebo^ler. He obseired that 
^x heat produced would be m proportioBf to the quan- 
tity of pipe in the space to he wanned.* He ^xe^ 
his apparatus in some doth mairafsKtones at Hali^Br, 
and at Bradley, and in a house near Londoif . In the 
latter, the copper pipes often getting out of order, and 
the effect being found too small, Mr. Green, wh« had 
a patent in 179^ for a different method, was called in 
t& alter it ; but his unp rorement greatly increasing 
the racfical defect, it was remoired. 

Mr. Green's plan consisted in endbsing a hoi- 
low^ vessel or worm-pipe in a boiler containing hot 
water or steam, by wMch a too- great heat was pre- 
vented being givcK to the ak, wMeh by this means 
" was preserved from being burned, and was always 
fit for respiration." 

He also* attached pipeis tO' a steaoi hoOer, and. en- 
dosed them in other pipe^. Into' iAie interval he ad» 
nntted the oclemal air, which he eomneyed tathe pbee, 
where heat was wanted ;* or he inserted the pipe coqk 
taining the air to be heated, in the inside of the larger 
pipe which he filled with steam.t Both were good 
practical methods^. Mr. Green preferred the first. 
He had several opportcmities of exhslitting' the raeribs 
of his scheme; but although very mgenious, he 
was far frt>m being skilfuL In a mansion on Wim-^ 
bledon Common, he &^e^ his encased^ pipe along the 
ceilii^ of the basement fioor, with an indlnation of 2 
inches m 69 feet. The inner steami-^pe was 3 inehar 
is diameter, the outer airpipe waer 9 inches^ both w«t» 
of copper. The lower end of the ca^og' p^e was left 
open for the eotd air to enfter; Idte oldter end was 
joined to^a pipe 4 inehe» m di aiBe t e r; with 3 horBsinital. 
elbows, that rose about 12 inches, where it opened into 
the first of a suite of rooms that were to be heated. 

* Rep. of Artf, toI. f. p. 9041 t RIep. of Arts, toI. i. p. 304. 
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It wa9 Itoped tlie abr wooldl enter at one end in great 
qoantity, and How oist thiwigk the snail pvpe at thv 
otiier into the roon»» Mr. Gpeen was unalble to dia- 
coyer the easse of its feeble effect. A pipe was eo»-> 
diicte<¥ from the boiler mto a pipe encloeed m another, 
whieh was pkced on the second storj to ventitote a 
room beneath accor^g to Sir Gw O. l^nlf s plan. This 
aeted with comparatire eneigy.* The entire appanft* 
tns remained in oceasional vae for 16 yean, and after 
sereral tknes the first cost had bees exp^ided in tiiK 
kerin^, it was finaliy- removed. A fiibvary beated finr 
Lord Lansdowne was a faiiare also. In 1794, Mr. 
Watt assisted the noble proprietor to impgowe this a|i^ 
paratus, but fi:efm some defects in the joinils of the cop*- 
per pipes, it occasioned so much trouble that its tue 
was giren up.f Mr. Green wa» more successful ia 
heating a yinery and plaet-house in a merchant's Tilht 
at Hafsmersmkh, where it gave great satis&ctieo for 
eev'&d^ years, when it was taken down and sold 1^ 
Mr. Morton's credit o r s ^ 

Stemn heat appears to^haRrv eariy become a £sToarite 
with gardfeners, from a companscnx of its. advantagcis 
over the heat from dues, as then ^aetiBed. At 
Knowsley Hafl, ia 1793> Mr. Bolter, gasdtner t» tibe 
IM of Derby, iatrodueed the hot vapour wukr the 
bavfe in melon aad pine pits, and alloweii it to escape 
is the dmig among- the pet8» Mr. Mawer, a ha^ 
eashipr man^ who had settled near Bdinbnrgh, and 
who had seen Mr. Wakefield's and Mr. BleLtLer's ex^^ 
penmen^ adopted it in an extensiyr range of hot- 
houses at Dabry ia 1793. Thi»e weiv seven hoiwei^ 
pineriesy peaeb-ltoiLses, md Tin»ie% constmcted with 
inss and fBanaces ift the nswd mamwr, bat over the 
finaiEe of each knae. was; pknd a eBst-iron boiler 
Sleet in dnnuter, and 14 iaefaes decpt cvfeied with 
a flat flMie in wlich was a valreof conaiderable weisdits 



* See p.. 76« Fig. LZXVIII. 

t Bnchanan. Tl-eatise on Kconomy ofFueT. 



244 

one side of this boiler, immediately under the cover, 
had a projecting nozzle, and to this was cemented an 
earthenware pipe which conveyed the steam to the 
house. These pipes, when united, formed only one 
length from one end of the house to the other, either in 
the bark-pits or in the passages, and were so raised 
at the fmi;her end as to return all the condensed 
water to the boiler. At every 6 or 7 feet was a 
bimghole or opening in the pipe for the purpose 
of admitting steam to the house, and these pipes, 
when not wanted for this purpose, were stopped 
with moss, when the steam escaped by the valve. A 
supply cistern, in which the water was constantly 
kept at one level by a ball cock, was connected by a 
pipe with the boiler. The steam here could never be 
of a very high temperature, and the chief advantage 
derived from it was as hot vapour introduced into the 
body of the house, which soon elevated its temperature; 
but as the steam declined, it feU to the usual degree 
kept up by common flues. Its effect was to promote 
a very rapid and luxuriant growth ; and totally to pre- 
vent the appearance of insects. The apparatus was 
used for seven years, but after Mr. Mawer's death 
it was allowed to fall into ruin. Various gardeners 
in East and West Lothian adopted the same system, 
chiefly as affording a wholesome dew ; and some 
merely placed a common broth pot over the furnace, 
allowing the vapour to enter the house through a 
cavity in the masonry.* 

In the winter of 1795-6, Mr. Bolton erected an 
apparatus in his friend Dr.. Withering' s library at 
Birmingham, which in point of heating answered 
perfectly; but the pipes being made of copper and soft- 
soldered in some places, the smell of the solder was 
rather unpleasant to the doctor, who was then in an 
infirm state of health with diseased lungs, and Mr. 

* View of the Agriculture of Mid-Lothian, App. p. 81. 
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Bolton removed the apparatus to Soho, in order 
to erect it in his own house, in which he intended 
to heat every room by steam; but the purpose 
was afterwards abandoned. The subject of steam- 
heating underwent, however, says Mr. Buchanan, 
frequent discussions ; and the different methods of 
effecting it were amply considered by Messrs. Boulton 
and Watt, who made no secret either of calculations of 
siuface or modes of applying them.* In 1799, Mr. Niel 
Snodgrass introduced the method of heating by steam 
m a cotton manufactory on the banks of the Spey.f 
About 1800, Mr. Lee, of Manchester, under the di- 
rection of Messrs. Boulton and Watt, erected a heat- 
ing apparatus of cast-iron pipes, which served also as 
supports to the floor, and was, in point of materials 
used, and construction, the earliest of its kind. He 
subsequently heated his house by steam, and the 
staircase, h^dl, and passages were warmed by an inge- 
nious apparatus shown in Fig. CCVI., placed in the 
underground story. 

The vertical cast-iron cylinder, a, is surrounded by 
a casing of brickwork leaving a space, e e, of 2^ 

inches all round, and having 
openings, t, below, to admit the 
air. This casing is surrounded 
at the distance of 3 or 4 inches 
with another wall, which forms 
what maybe called the well, c. 
The coldest air, being the hea- 
viest, falls to the bottom of the 
well, c, and entering by the 
holes, t, into the space, «, comes 
in contact with the cylinder, a, 
where being heated and becom- 
ing specifically lighter, it as- 
cends. There is a valve to re- 

* Treatise on Fuel, p. xr. 

t TnuM. Soc. of Arte, voL zxiv. p. 198. 
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gulate the adiaadsskm of «ieam into the cylinder, and a 
Bmall pipe to allow the air to be expelled, when the 
steam ifi aateimg, that are not seea in the figure, and 
another fltmall pipe to withdraw the wat^ of conden^- 
msAmmbl Anofllier ralve is placed on the top of the 
•brickwoik at «, to regulate the taraaismission of the 
heated air. When this afparatus was in action, Ike 
stakcase soon became ao warm that it was necessaif 
to shut either the yalve a<^Tiiitt«Bg the ^team, or the 
air valve At a. 

Coimt Rumford assisted in deffigning an apparatus 
to heat a part of the Royal Institution, wh«:e he in- 
iroduced thin copper drums attached to the pipes to 
allow of their alternate expansion and contraction 
without opening the joints. With the exception of 
another contrivance to answer the same end, but 
which has not found its way into |»ractice, there has 
been no improvement made in the details or arrange- 
ment of this variety of steam-apparatus since the erec- 
tion of that in Mr. Lee's manufactory. The exten« 
fiion of the system was much promoted by Mr. Bu- 
i^anan at Glasgow, particularly by a pamphlet that he 
printed on steam Jieating in 1807^ and which he en- 
larged a few years afterwards with descriptions of 
apparatus. Nothing of value to a practical man, or 
In which he should have the least confidence, has 
since been piinted. In workmanship, modem ap- 
paratus is not equal to l^t erected by Boulton 
and Watt forty years ago.' In this as in other 
branches of mechanical engineering, the competi- 
tion or minimum system, tiiat at aU times grinds 
if it should fail to ruin the workman, is most cer- 
tain in its effect of debasing the quality of his work. 

Where this method of heating is introduced, the 
steam is often drawn from a boiler which supplies a 
steam-engine, and the additional size given to the evapo- 
rating vessel is 1 cubic foot, for every 2000 cubic feet 
of space to be heated to 70° or 80"*. A boiler equal to 



supply steam to an eagokt of 1 fanrse powier, is suffi- 
cient in size for heatimg 50^00 cnbic leet of spacer 
Wlien a distmct appaistv is to be ooastmcted, a 
more exact eslaaaete is, however, aawmptedL 

With a cve&iil manapffflneBt of iiie fire uikder a 
amall boakc, it is foondtimt aiboKt 14 lbs. of Newcas- 
tle coal an Te^pdred, to comrert 1 cubic foot of water 
«t ike tempentuie dF 50^ into 1800 cubic feet of 
steam at 216° ; and about 12 lbs. to raise l^e saaie 
^roanthy from water at 212°. 

To bum 14 &&. of coal aa bour, mJl sequise am 
area of abo«t 1 fiiot«^pftanB of fire-'grate, m. wbicb liiene 
is from 30 to 34 square iwches of air topesung be- 
tween tbe bans^ and to evaporate tl^ quantity, witb 
a moderate drau^ in tbe flue, from 7 to 10 iJeet 
square of boiler surface is to be exposed to the direct 
action of the £re. In general, it is found most ad- 
TBDtageous to make ibt area of the fire-grate and 
boiler surface, approach die most am|^ dimensioui 
and where the fire snrfaoe is diminished, to increase 
the area of the fii»-grate. When cdce is burned, a 
square foot of gralang, with an air epstod of 27 inches, 
and 9 square feet of boiler fire surface, is found a 
g^d proportioBL In SBoall boQ^rs, the surface ex- 
posed to ithe direct action of the fire, may be made to 
envelope nearly -^e whole surface in contact with the 
water. Plane or slightly curved surfiEices, such as 
those forming the bottom of the wagon-shaped boiUr, 
seem more fisnrourabie for the recepticm of radiant heat, 
than those of cylindiical and globular yesseLs ; but in 
practice, little difiference in effect is observed among 
than. 

Small boilers are often linrmed with flues, conduct- 
ing the hot smoke round Idiem, b^ore it enters the 
chimney. That portion of boiler surface exposed to 
to the smoke can sehiom, in favourable circumstances, 
be estimated to have an effect equal to i of the sam 
extent of fire surface ; in common cases, it is much 
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less. Count Rmnford found the evaporation nearly 
as greats when the circulation of the smoke in the flue 
was totally obstructed, as when it was rapid ; and side 
flues he considered in most cases, useful only in pre- 
venting the radiation of heat from the boiler. They 
are less effective in small, than in large boilers. In- 
ternal flues are seldom introduced into the former ; 
their economy of heat is doubtful, but their effect 
certain in increasing the chances of accidents and 
hastening the wear of the boiler. The perpendicular 
smoke-flue after it leaves the boiler, may have an area 
double that of the sum of the air spaces between the 
bars, and be fitted with a regulating damper. The 
area for the smoke, when the furnace is in action, 
will seldom be more than the sum of the air spaces. 
Where it can be had, a deep ash-pit is very de- 
sirable; but whether deep or shallow, it should in 
all cases be carefully enclosed by a door, as nearly 
air-tight as neat workmanship in fitting will make it. 
The air-valve, which should extend nearly the whole 
width of the door, or rather the width of the air spaces, 
should be formed to have an area when fully open equal 
to the sum of the spaces between the grate bars, and 
placed as low down, or as near the hearth, as possible. 
The furnace door also should be carefully fitted with 
a similar valved opening to that in the ash-pit door. 
Burning the smoke, to save its heat and prevent its 
nuisance, has long been a favomite project with boiler- 
setters ; and many clever contrivances have been tried 
for attaining the desired end, which the patriotic in- 
ventors are bound both by their duty to society and 
to their own interest to press on pubhc attention, and 
to exhibit experimental proof of their eflicacy on their 
own fmnaces ; but less ingenious or skilful persons 
may, without presumption or much loss, reject them 
all. In common hands, like those in which the ma- 
nagement of steam-heating apparatus must be placed. 
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the common furnace will be less likely to get out of 
order, and it will create very little smoke, and pro- 
duce as much heat aa many of the improved fire- 
places, provided the grate bars bear a proper propor- 
tion to the surface of the boiler, and that to the mass 
of water, and a thin fire he kept, frequently fed with 
small pieces of coal sprinkled thinly and evenly over 
its surface, and the quantity of air required by the 
chemical constitution of the fuel be admitted to 
the fire-place, by an adjustment of the air-valve in 
the ash-pit door. 

The loaded safety-valve commonly placed on the 
boiler, may in general be omitted. The float, o, of 
the feed-pipe,6, is at- 
FIG. ccvu. tached to a rod, c, 

enclosed in an iron 
pipe, d, open to the 
boiler, and conttun- 
inji water, which has 
the same head as 
that in the feed-pipe, 
and forms a steam- 
tight joint, and 
a safety-valve also, 
should the steam rise 
above the tempera- 
ture due to the head 
of water in the upper 
pipe; and the same 
mechanism renders 
unnecessary hoth the 
common safety-valve 
opening inwards in case of a sudden condensation 
of steam in the boiler and the gauge-cocka ; m, a 
man-hole for cleaning out the boiler. Some other 

VOL. II. 8 
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contrivances occasionally introduced, are sot essen- 
tial. 

With all the care that can be tak«n, mnch heat wifl 
unavoidably be lost from the exposed surfaces of ih& 
boiler and furnace. Where practicable, the boikr 
should be wholly enclosed with brickwork, built hol- 
low, and the spaces filled widi some hnpeifectly-con- 
ductin^ material; or it should be casedwkha wrou^ 
iron jacket, and the flpaee between filled with clay 0r 
charcoal ; or the exposed surfaces should be covered 
with several layers of felt : and it is a good practice, 
where otherwise convenient, to enclose the boiler and 
furnace within a small chamber, with its fire-door only 
on the outside. The same care should be taken to 
prevent the dissipation of heat and access of moisture 
from those portions of pipe which are not placed in 
the spaces to be heated. Mr. Buchanan recommends 
them to be enclosed in a tin-plate pipe, with a space 
of 1 inch between the outer and inner pipe, or to 
wrap the steam-pipe Toimd with a considerable thick- 
ness of straw rope, and coat them with fine plaster 
lime, washed over after it is dry with Hme-water, in 
order to fill up any httle cracks which may appear.* 
A covering, of three thicknesses of felt in situations 
where no^moisture is apprehended, may be used with 
advantage. 

At the introduction of steam heating, the pipes we 
have seen were of copper and tin plate. Copper tubes, 
besides being expensive, are objectionable on other 
accounts. In cases where clumsy cast iron pipes are 
eye-^sores, arrange them as you will, tin-plate pipes of 
small diameter! might be introduced with propriety. 
They are sufficiently strong. Mr. Milne subjected 
some pipe, -^ inch j^thick, which had "been drawn 
on a mandril, to <the piiessure of a thousand feet of 

• Eliays, p. 237. 
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water without injmy.* Their soldered joints aie 

^idckly inade and repaired, are strong and very neat. 

Cast iron pipes are connected in various ways. The 

flange-joint. Fig. OCVIII. is made by interposing 
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some compact elastic substance^ such .as pasteboard, 
rope, yam, or felt, soaked in a thick mixture of white 
lead and drying oil, between the flanges or projecting 
rims on the ends of the pipes, and then bringing them 
by screws firmly together so as to be steam-tight. 
Tliis is the usual joint, but it is very unsightly and 
inadmissible for pipes placed in many situations. 

The spigot and faucet, or socket^joint. Fig. CCIX. 
is much neater. It has been objected to from its sup- 
posed tendency to burst the faucets, in consequence 
of the expansion of the spigot, through too great a 
space being filled very hard with cement. The remedy 
is obvious. When carefully made it is not so liable to 
leak as a flange-joint, and when the cement dries the 
jodnt is as strong as the pipe itself. The faucet or 
socket is cast with a bead, to prevent its giving way 
wh^i the joint is caulked. In some cases the spigot 
Itas a sli^t additional thickness given to it also. 

'The thimble-joint. Fig. OCX. is also a strong as 
well as a neat connection. If it breaks it is easily re- 
newed, and one pipe may be taken out and replaced 
vi&oot disturbing the others. The thimble has been 
jreoomznended to be made of l^iin wrought iron, kav 
ix^ but a very small space for the cement^ that the ez- 

* Brewster's Jouma], July, 1821. 
2S 
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pansion may be equalized, and the risk of an unsound 
joint avoided. The saddle-joint, is composed of two 
pieces, forming a thimble, which are embraced by two 
hoops, the ends of which are secured and tightened by 
screws. This is a convenient joining, where a branch 
has to be made from the main pipe. The branch 
ought, however, always to be cast upon the 
main with its proper flange or faucet. When 
the pipes are vertical, the ends are ground 
to fit each other, as in Fig. CCXI., and 
, the iron cement being placed between them, 
} the weight is sufficient to unite the joint ; 
where the exterior of the pipes must be 
flush at the joint, the projection is made 
inside the pipe.* 
In small wrought iron pipes used in some hot water 
apparatus, the joint is formed by placing the ends of 
the tubes within a socket, forming a right and left 
hand-screw ; the edge of the one pipe being flattened 
and the other sharpened, they are screwed so tight 
that the edge of the one is mdented in the flattened 
surface of the other. 

The wrought iron pipes of small diameter that are 
occasionaUy used as branch pipes, or to carry off the 

* To malce Iron cement, 40 parts by weight of iron borings are to 
be addedto 1 JartTsal'amSioniac. and* part of flowers of sul- 
phurT well mixed together and beaten ^V^^P^^J' y,, ^ ^^^j. 

Much sulphur renders the composition brittle. ^°e° "f 9**™" 
ri^rlhfe time can be allowed for the cement to dry in the joint, be- 
SrTsteam is SmitUinto the pipe a smaller proportion of sulphur 
mav he nsed.—J3uc?ianan, Essay, ^.177. The iron 

««o anAiiah to ni»s through a dne sieve. Then with 1 id. ot tnese 
SoSn?« «o weSwed. mix 2 ounces of sal ammoniac in powder, 
anSTJunce^of Cwe« of sulphur by rubbing them well together in 
^ U^^ ^ft^rwM^ keep the mixture dry till it is tvanted for use. 

a^nUed bItwJen the flinches by a blunted cauHcing-iron. where H 
fffi'Se w^^\Terurand^after *!»« joints a^screwc^^^^^ 
the loose cement U to be scraped off.— Prac«ica< ireanseonwu 
Lighting, p. »40, 
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water of condensation, are screwed into the cast iron 
pipe ; by whatever methods the joints are made, the 
space between the joined ends should be as small as 
possible to prevent the lodgment of water in the lower 
part. 

In a series of metal pipes an allowance has to be 
made for their expansion in length when heated. 
The thimble-joint. Fig. CCXIL, is sometimes formed 
on a range of pipe to permit this elongation. The 
adjoining ends of the pipes, a, i, are turned true on 
the outside, and have a thimble, as in the common 
joint; a piece of tin, c, or inner thimble, is interposed 
and made to fit well to the turned parts of the pipes 
which work backwards and forwards, like a piston 
in a cylinder, as the pipes expand or contract. In 
a range of pipes, 120 feet in length, it permitted a 
movement of f of an inch. A similar expansion-joint, 
applied to a spigot and faucet connection, shown in 
Fig. CCXIII., was found to be durable and effective. 
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Lead, as a substitute for tin or iron cement in joints, 
is an improper material. By alternate expansion 
and contraction it suffers a permanent . change of 
form, and joints made with it soon get loose. Count 
Rumford's expansion drum, a. Fig. CCXIV., is 
made of thin copper ; as the pipes, a, t, elongate, they 
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press the thin aidas, «, of the drum inwudsy and as 
they CCM>1 they draw tlie aides out ; it is now seldtni 
used. Where the range ia placed horizootally, the 
p^ea, a,, should be uip- 
ported on roUera, o. Fig. 
CCXV., kept aarefolly 
detached fttxa the bauld- 
ing, in order to hwe full 
liberty of expeading; and 
when placed TertiBally, they 
should never form, part of 
the construction, or support 
any part of tha building. 
The water filmed by the condensa- 
tion of the steam ia alwaya care&lly 
removed from the pipes, by giving 
~ them a considerable inchnation to the 
hi^zon, aa its accumulation prevents 
their acquiring a unifonn tempera- 
I ture, and the apparatus is endangered 
from imequal expansion. In general 
i it should flow in the same direction 
I with the steam, and in order to save 
its beat, be agun conducted into the 
boiler. Where water is scarce, or of 
a quality which speedily encmsta the 
boiler, it is then most desirable to 
anpplyths feeding apparatos with the 
distilled fluid. A common method of 
removing the condensed water is by a syphMi, a, 
placed at the lowest extremity of the rajige, b, and of 
a height e«pal to the pressnre of the steant in tha 
f^MS in Fig. CCXV{., a, a* the steam-pipe to the 
sypbon, «, Ae sopply dMera for the boiler ia^ 
Wben the necMsary depth cumot be had coav»- 
niently, the water may flow into a cistern provided 
with a ball and coek to open and shut the pipe, liks 
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that placed m a watec cistern ;\but this beiag liable 
to> get out of osder, the syphon 'm the preferable 
apparatiUL 

While the pifm aze fiUing with steam* the aic ihsj 
eontain: la allowed to escape through, a valve or stop** 
ODck, whick is eloaed wi^n the opesatioa is completed. 
Where die circulatiofi is continuoosy the air-cock, «« 
Fig. CGXVIL, is vsually placed ^ab the extremity 
of thftsteaBb»pipe ; bat where it is interrupted^ a valve 

is. required at tke 
vifi^ ccxvuu extremity of each 

braack pipe.. Itt* 
practiee, it is foaad 
that the eirciilatioB 
is* improved if a 
■UBUte qoantily o£ 
steam, is suffered 
to escape constantly 
through a very small 
ESe7 OT by a pipe, 
it prevents tka re- 
tardation which is 
aemetimes oceasion^- 
cd by an accumu- 
latiooi of inconden^ 
sable ass in the pipe, 
aad the steam may 
be aHowed to mix 
iMt the air of tfas 
which will 
ove: its qvalifey 
aad save, the heat; 
ox ii mmf be allowed 
t» ftvw fiwrn the aicv 

valve athcr into- the 
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of arranging heating-pipes is shown in Fig. CCXVII. 
The pipe, a, from the boiler, rises to the upper 
story, from which a pipe, h, branches horizontally to 
each floor, and by means of a stop-cock, o, the steam 
may be turned into or from any particular floor at 
pleasure. The water of condensation produced in 
each pipe falls towards the rising pipe, and is con- 
ducted, when the level of the lower pipe permits, into 
the boiler. But where the boiler cannot be placed 
under the level of the lowest floor, the steam-pipe 
is carried near its ceiling : but it is better to place 
'the heating surface in the best position, than to save 
a little heat from the condensed water; and, therefore, 
the arrangement shown in the figure is preferable 
where the pipe in the basement-story descends from 
the boiler to the floor, and the water of con^ 
densation falls into a reservoir, from which it is 
pumped into the feeding-cistern. A pipe and cock, 
c, is placed at the end of each horizontal steam- 
pipe, to let the air blow off when it is filling with 
steam. 

In Fig. CCXVIII., steam from the connecting-pipe, 
a, enters the heating pipe, 6, placed near the floor, and 
which is carried with a gentle inclination to the 
opposite end of the room, where it rises into the next 
story, and returns along its floor to the opposite end, 
where it rises into the third floor, and proceeds as 
before. In this, as in the preceding arrangement, 
the water of condensation runs contrary to the cur- 
rent of the steam; and is removed by a syphon 
placed at a. The air-cock is fixed at the l^ghest 
point of the range, c. 

Vertical heating pipes, &, as in Fig. CCXIX, have 
the least favourable position ; and if the room be lofty, 
much of the heat will be lost, unless the ventilation 
proceed by a descending current. 

In Fig. CCXX., the steam rises in the main pipe. 
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FIG. CCXX. 
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a, to the third story, 
and then descends 
to the second and 
ground floor. 

In manufactories 
and larf^e rooms, 
the steam-pipes are 
sometimes carried 
along the centre of 
the room, to dif- 
fuse their heat more equally : hut in other cases 
they are placed a few inches from the side wall; 
and in a room 42 feet wide and 150 feet long, in 
which they were thus placed, the temperature was 
found sufficiently uniform, and the pipe more out of 
the way. 

Where the appearance of pipes is ohjectionable, 
the necessary quantity of heated surface may he had 
from forms corresponding with the other ornaments of 
the apartment in any style of architectural decoration. 
As an example, the steam may he conducted from 
the hoiler hy a pipe, that runs under the floor 
into a series of vases, one of which is placed in 
the hearth recess of each room, with a small pipe 
and cock, to allow the air to escape when they are 
filling. The Marquis de Chahannes enclosed a series 
of pipes, open at hoth ends, in an ornamental cylin- 
der, one or more of which he placed in each apart- 
ment. In another case, the steam-pipe had the 
appearance of the skirting; and at an inn, it was 
carried along the ceiling, moulded like a cornice. 

The following tahle, collected from cases given hy 
Mr. Buchanan and others, exhihits the practical 
effect of a given surface of steam pipe in keeping a 
certain cuhic area of huilding at a certain tem- 
perature, when the eirtiernal air was under the freezing 
point of water : — 
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Temperature 




irr one square 
foot of pipe. 


ofintemaiAir, 






A chapel ; cast iren pipes . 


4oa 


eo** 


A raeettng-IiouBe; cast iron pipes 
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A church; massive walls and 
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stone pillars, inside stone, no 






plastering or wainscot, except 
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for seats, cast iron pipes 


270 


48° 


l>ining-room; cast iron pipes 


180 


64'' 


Ditto, containing 8,400 cubic fk, of 






space, 15 ft. fronrfloor to ceiling 


209 


62° 


Public-room; cast iron pipes 


306 


54** 


€k)tton mill ; tin-plate pipes, not 
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painted , . . . 


: 200 
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Six cotton-mills, each containing 






on an average 205,006 cubic 






feet of space, cast iron pipes . 


175 


80° 


Staircase, average of Gve, with 


• 




lantern Hghts 


163 


66° 


Average of four others with win- 






dow in wall 


174 


56° 


Rooms in an inn 


200 




Counting-house, lighted from tJie 






ceiling 
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61* 


Average of three da, Kglrtetf f5t5itt 
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side 


^ 2«43 
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Average of seven rooms in a 
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• 


public btaRing,heatedb5ra»or- 






namental cast ironvase'in each. 






1 inch tMcfi: r greatest effect. 


^ 140 


50° 


One of l^e rooms; GiUxid with a 
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double window, eould bekeptat 


• 


64° 


Cafico-pnnters' work-room 


90 


8<f 


Ditto. press-iodm 


144 


■ 


Forcing-house .... 


30 


80? 


Drying-house ; cast iron pipe . 


80 


100° 



2S9 



Dfescrfptiffli. 


Cubic f«et of 

tpaoe heated 

by one squaie 

foot of pipe. 


• Ten^perature 

ofintenuiair. 


Drying-house ; tin-plate pipes , 

Drying-house^ walls and win- 
dows defective 

Fercing-houfie, glas» very de- 
fective . • . • . 

Printing-office; 4 floors aiveeage 


40 
23 
25 


90^ 
90" 

73? 

68" 



The quantity of steam -heated surface required to 
produce a certain average temperature, may be readily 
approximated by dividing the cubic contents in feet 
of the building to be heated by the number placed in 
the first column opposite the description of a similar 
building. Thus, for a factory, containing 100^000 feet 
of space, this number divided by 175 in the table 
will give 574*2, which is the number of square feet 
of pipe surface that will keep it at a temperature of 
80° in the coldest weather. If the cubic area of a 
^biing-room be 5,000 feet, this divided by 140, one 
of the numbers in the table, wiU give about 35*7 
square feet of steam-pipe surface required to warm it 
to a summer heat, with the air outside at the freez- 
ing point. These it is obvious, although rough, are 
safe practical estimates, that may be applied and 
depended on in numerous analogous cases. 

The required quantity of steam-pipe is sometimes 
estimated in another way. If, for example, 200 cubic 
feet of air are to be supplied in a minute, to a room 
which is to be kept at a temperature of 60% when the 
external air is at the free2ing point, and the average 
heat of the surface of th& steam-pipe is to be 200% 
then, if the difference between the temperature the 
room is to have and the external air be multiplied by 
the numbei of cubic feet of air required per minute. 
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and the product divided by 2*1 times the difference 
between 200 and the temperature of the room, the 
quotient will give the number of square feet of 
heating surface required,* thus : — 

(60-32) X 200 = 5600+2-1 (200-60°) = 19 
which is the square feet of heating surface to be used. 

An estimate formed from the table, omits the con- 
sideration of any definite amount of ventilation : and 
formed from the rule above, omits any reference to 
the cubic space to be heated. For instance, a room 
containing the same number of persons, and windows, 
but of twice the cubic capacity, or one with double 
the superficial area of radiating wall, ceiling, and 
floor, would be supplied with the same quantity of 
pipe ! The rough approximation to be had from the 
table will therefore be found a useful check on the 
still rougher guesses made by means of the rule. 

In Dr. Amott's method of finding the amount of 
heating surface, one of the omissions in Mr. Tredgold's 
rule is supplied, "To maintain," says the doctor, 
" in an ordinary apartment the agreeable and healthful 
temperature of 60^ there must be of surface of steam- 
pipe or other steam vessel heated to 200o (which is 
the average surface temperature of vessels filled with 
steam at 212°), about one foot square for every six 
feet of single glass window of usual thickness; as 
much for every 120 feet of wall, roof, and ceiling of 
ordinary material and thickness ; and as much for 
every six cubic feet of hot air escaping per minute as 
ventilation, and replaced by cold air. A window with 
the usual accuracy of fitting is held to allow about 
eight feet of air to pass by it in a minute; and 
there should be for ventilation at least three feet of 
air a minute for each person in the room. Accord- 

* Tredffold. Frindplea, ftc, p. 59, 1824. 
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ing to this approximation, a room 16 feet square by 
12 feet high, with two windows each 7 feet by 3, 
and with ventilation by them or otherwise, at the 
rate of 16 cubic feet a minute, would require 20 feet 
of pipe 4 inches diameter, or any other iron vessel 
having the same extent of surface.* 

If pipes 3 inches diameter externally are to be 
used, then the amount in square feet of heating surface 
multiplied by 1*09 will give the number of feet in 
length of 3-inch pipes required; or of 4-inch pipes, 
if multiphed by '82 ; of 5-inch pipes by '66 ; and 
6-inch pipes by '55. Thus, in the above example, 
23*7 ^ 0*82 =s 19'4, which will represent the number 
of feet of 4-inch pipe required to heat 200 cubic feet 
of air in a minute from the temperature of 30° to 60°. 

The allowance made for the expansion of cast-iron 
pipes is in practice i inch in 10 feet, or ^^ of their 
length. When heated from 32° to 212°, cast-iron 
expands ^y^ of its length, bar-iron ^f^, copper -g^, 
brass ^, tin t^, lead ^, zinc ^. 

The size of the boiler is regulated by the capacity 
of the heating-pipes. As much space is left for the 
steam in the boiler as is equal to aU the steam in the 
pipes ; and the space for the water may be about one- 
eighth less. The water-Hne should always be kept 
above the highest part of the flue. 

The quantity of coal used depends much on the 
management of the fire. With the usual attention of 
domestics 1 lb. of the common sort of coal wiU heat 
83 cubic feet of water 1°, or from water at 50° it will 
raise about 122 cubic feet of steam at 216<^. By 
greater care and some skill but on which those who 
pay for the fuel should rarely reckon, this effect may 
be increased a fourth. Therefore if the number of 

• On warming and yentilating, p. 33. 
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cubic feet ef air waraaed od md. hmtr he dirided by 
3,000^ ttod the quotient jBultiplied hj 'OlS, tlus pro- 
duct jnukdplkd .by libe soiBiber of d.egree6 the air huB 
been iieated wiU gtre ^ fieiandB cif jsoal used in tan 
hour. 

Thus if 500 cubk feet of jdr in a aniirate, «ir .30»000 
cubic feet an b&isr^ be raised irom 30° to 60°, 

.aO,000 +,3,000 ^ 1© ^ "012 = -12 X 30 = 3*6, 
or little more than 3^ lbs. of ooal aai bonr. 

Tbe height of the siKfaoe <of the water in the feed- 
pipe for supplying tbe boiler when the ienqieratuxe of 
thefiteamis 

^I7°wfflbe 3'9iaet 
220° „ .6-.2 



»9 '" •*' » 

525° « ao-4 „ 

230° ^ 15- „ 

235° „ aO-5 « 



The temperatuiieHMEldoin exceeds :2 17°; and ^ould 
not be carried beyond ^30°, wben the pressure -wiU 
be about 6f lbs. to the square inch. The height of 
tbe feed- pipe gives the pressure in the ayphon when 
tbe condensed water is removed by ome. 
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Iv the same trestise in Trldch Sir Hqgb Elatt 
throws out the hint of heating a plant-house by steam, 
he suggests Ihat hot water might be used to avoid 
fte danger «hen run, in one of the proce«eB of tbe 
manufacture of gunpowder. ^ To drie this substance 
without all danger of 'five, yon may cause/' says Sir 
Hugh/' a vessel of lead/pewter, latten, or copper, to foe 
made, having a douMe bottome, between which bot- 
tomes you may convey "Scalding water at a pipe, whidi 
water may be also heated at another roome, and then 
you may lay your powder upon the uppermost bot- 
tome till it be drie, and when the water beginneth to 
cool, you may let it out at a cock in the bottome of 
the vessel, and soe give passage for more scalding 
water by another cock."* And in another part he 
says, " a vessel may be made to brew or boil in, by 
making a fire under a brass boiler, a. Fig. CCXXI., 

and conveying the 
steam or water into 
a wooden tub or re- 
ceptacle, 5." Ru- 
dolph Glauber, also, 
proposed heating a 
brewer's vat, by a 
brass ball filled with 
water and placed in 
a fire, a pipe from which was carried into the vat. " A 
contrivance," says l{ooke, "which if prosecuted, 

* Jewel House, p. 62. 
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mxifht he very beneficial to those who require great 
quantities of hot water, by enabling them to use 
wooden casks instead of copper boilers."" 

Sir Martin Triewald, a Swede, who lived for many 
years at Newcastle-on-Tyne, before he finally settled 
in his native country, about 1716, described a scheme 
for warming a green-house by hot water, instead of 
by fermenting vegetable substances. The water was 
boiled outside of the biulding, and then conducted by 
a pipe into a chamber formed under the plants. f 

Prior to the French Revolution, an ingenious ap- 
plication of the same medium for difFiising heat was 
made by M. Bonnemain, in an apparatus to hatch 
duckens, to supply the Paris market.^ In this 
water-stove, a transverse section of which is shown 
in Fig. CCXXII.; a, boiler, n or its furnace, for- 
nished with an expansion-rod to regulate the opening 
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and shutting of the ash-pit door; d, a pipe for sup- 
plying water to the boiler, and keeping the pipes 
always filled with water ; o, stop-cock, for regulating 

• aiuut OD ttie ate im Engliie, Tol. 1. p. IH. 

+ IbU. vol. ii. p. 687. 

i Uk. Arch. Uag : nL T. p. 40. 
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the quantity of the ascending hot water ; b, pipe of 
communication between the boiler and heating-pipes, 
c, which traverses the hatching-chamber, a?, with a 
slope towards the boiler, into which it is inserted, and 
its lower end carried nearly to the bottom of the ves- 
sel. The air disengaged from the water by boiling, 
and which would accumulate in the tubes and ob- 
struct the circulation of the hot water, escapes by the 
pipe, t, and the water that rises along with it from the 
tube falls into the receiver, k. 

As the water in the boiler gets warm, and becomes 
specifically lighter, it rises upwards in the pipe, b, and 
its place is occupied by the colder and heavier water, 
which flows from the pipe, c, and enters the boiler at 
its lower extremity, e. A current is thus established 
from the boiler upwards, through the pipe, b, and 
then downwards, through the range of pipes, c, c, 
into the boiler, with a velocity depending on the dif- 
ference between the temperature of the water in the 
boiler, and that in the descending or heating-pipe 
at its insertion into the boiler. By this means a 
very equable temperature was kept up in the series 
of compartments in which the eggs were placed to be 
hatched. 

For many years after this period, M. Bonnemain 
was in the habit of describing his apparatus to others, 
and a few years later a good account of it, explained 
by figures, was given in a French publication. 

About 1812, hot water was used at St. Peters - 
burgh in the manner practised by Triewald ; and 
shortly afterwards, in the same capital, by Count 
Zubow, in a similar but more roundabout method. 
The water made to occupy the space commonly filled 
by the fermenting substances, was heated by steam 
raised in a boiler placed on the outside of the con- 
servatory.* It is not clear whether this was before 

* Trans, of the Horticaltural Society, yol. iii. p. 431. 
VOL. II. T 
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or after Mr. Brahhwaitey at Kendal, warmed 'his 
connting-lMnMe by a small rectangular boiler, faaving^ 
its fomace inchided in a rectangular cast iron case, 
which had the appearance of a chest placed against 
the wall. From the boiler a small pipe proceeded to 
the condenser, which was a copper vessel, 18 inches 
in diameter, placed under a douUe writing-desk. 
The condenser was formed on the plan of the 
improved cylindrical refrigeratories. A very small 
quantity of steam was allowed to escape at the top, 
which was however condensed against the lid, so that 
none of it escaped into the room. The steam gave 
out its heat to the water in the condenser ; which was 
f onnd, when once warmed, to retain the heat for many 
honrs.* 

The Marquis de Chabannes, in 1816, introduced M. 
Bonnemain's method into this country; and in draw- 
ing the public attention to the hot water system he 
claimed the merit of being its inventor. ''The most per- 
fect definition I can give of it," says the Marquis, ''is by 
comparing a boiler to the human heart, and the effect 
of caloric on liquids to the circulation of blood in our 
vans. The fire is the power which gives motion to 
the water, as the admission of oxygen into our lungs 
causes the circulation of our blood. A pipe is placed 
at the top which may have any length or winding, 
but must finally return to the bottom of the boiler. 
The caloric which rises into the upper pipe, and com- 
municates itself to the liquid in it, which loses that 
heat as it flows through the pores of the metal, or 
any reservoirs which may be placed in its passage for 
the purpose of extracting it, becomes gradually colder, 
and in that state pressing on the rarefied pipe which 
issues from the top of the boiler, re-enters at the 
bottom in proportion to what goes out above — thus 

* BuefaamuL. EmyB, ftc p. 292. 
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caiiBJng a contiiuial circtdation; and the liquid eonaag 
in contact with the fire at a colder temperature, and 
besideB with friction extracts a still greater poElian 
of caloric."* 

In reducing his speculation to practice, he proposed 
to fix a small boiler behind the kitchen fire, and con- 
nect it by two pipes with a cylinder, contajooing 20 or 
30 or more small japes, open at both ends, and svis- 
lounded with hot water. This cylinder he placed 
under the stairs. The rarefaotifm in die small open 
pipes produced a current of waim air in the stair- 
case, and the water which was cooled in the cylinder 
falling into the boiler, forced the warmer water up- 
wards into the cylinder with a continuous circulation. 

fig. CCXXIII. is a diagram of the way by which he 
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proposed to heat a green-house : a, furnace, c, ash-pit, 
i, boiler, «, smoke fine, s, pipe traversing the space to 
be warmed, n, the return-pipe conveying the cooled 
water into the boiler, b, pyramid containing a suppfy 
of coal.t The operation of this is the same as that 
of the preceding apparatus. From its form a very 
large surface of the boiler is exposed to the action of 
the fire, and it contains a moderate quantity of water 



• OnCkmdiictiiif Air,p. ^. 



t Ibid. pi. U. 



T 2 



268 

only, when compared with a boiler on the common 
constniction. As the water is heated on the upper part 
of the boiler, it rises through the pipe, s, into the cylin- 
ders, 0, and when cooled descends by its greater gravity 
through the pipe, n, into the bottom, », of the boiler 
which forms the floor of the ash-pit, e. To increase 
the heating surface of the cyUnders, o, which the 
Marquis called caloriferes, he filled them with small 
pipes open at both ends to the air of the conserva- 
tory, and which being surroimded with hot water, the 
air was heated in its passage through them. 

Fig. CCXXIV. shows the manner in which he dis- 
posed his pipes to heat a 
FIG. CCXXIV. dwelling-house, a, boiler, 

c, connecting-pipe, », calo- 
riferes, one or more of 
which were placed in each 
room according to its 
size, and connected by 
ascending and descend- 
ing pipes, n, and the re- 
turn-pipe that is inserted 
into the lower part of the 
boiler : — u, an expansion 
tube, and s, air pipes. 
The circulation proceeds 
upward from a, through 
the pipe, e, into the calori- 
feres, t, and at the bottom 
of the expansion-pipe, u, proceeds with a slight decli- 
nation towards s, and thence descends to the boiler. 

Fig. CCXXV. is a cylindrical boiler, designed by 
the Marquis, in which k is the ash-pit, a, fire-grate, 
which is moveable upwards or downwards by means 
of a rack, b, which goes through the ash-pit, and 
is moved by a pinion, i, that has a crank and handle 
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on its axis : o, ascending circula* 
ting-pipe, /, smoke-flue, e, fire- 
door, and w the return-pipe. In 
many cases this woidd be an use- 
ful mechanism in conjunction 
with the air-valve. 

Although it is evident, from 
hese examples, that the Marquis 
had a clear notion of the mode 
of action of his apparatus ; yet 
being ignorant of some practical 
niceties of construction and ar- 
rangement, on which its eflfect 
often depends, but which could 
perhaps only have been acquired by experience, he 
did not succeed in estabhshing a popular reputation 
for his system. 

Since his time, warming by hot water has been 
much extended, and some variety introduced into the 
apparatus. That erected by Bramah, in the West- 
minster Hospital, is shown in Fig. CCXXVI. and Fig. 

PIG. ccxxvii. 
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CCXXVII. heats by the circulation of the water, and 
by warm air, in the manner of a stove. 
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"nie fmntace is contained within the hoiler, and its 
flue passing thfough it at top, is led hy a 9-inch pipe, 
*, into the smoke-flue in the wall. The cylindrical 
boiler, c, is surrounded by a brick wall, r, leaving a 
space of 4 inches round it, which is covered in at 
top, and forms a small air-chamber. Into this en- 
dosed space the air is adinitted from a culvert, t>, 
which commumcates with the atmosphere under the 
porch in front of the building, and rising in the cir- 
cular carity, is heated by contact with the external 
feces of the binler, and fimlfy flows through the 
valved openings or regoaUn, m, into the hall. 

The hot water for wanning the passages and stair- 

cases is conveyed from the boiler by the pipe, a, fised 

under the ceiling of the 

FIG. ccxxvm. bascinent-floor,withbranch- 

es, b, d, carried to each end 

of the building, which U 



pipes, s (, arranged as 
shown in Fig. CCXXVill. 
These pipes are inclined 
from their point of junction, 
with the branch ppes to 
the exit by the descending 
pipe, and the whole are en* 
closed in a case, u, that has 
the bottom perforated with 
boles, to allow the cold air 

with the hot pipes, and then to percolate, when heated, 
through the holes made in the top of the case into 
the passages in the floor above, o n, the descending 
pipe from each heating-case connected with the return 
pipe, and inserted in the bottom of the boiler. Small 
eodka, «, placed at the highest points, to ennt the lur 
that is extricated from the water. TTie mean tern- 
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ptratnre of the enclosed pipes Mr. Bramah stated to 
be 185° when the temperature of the water in tlie 
boiler was 370°.» 

Mr. Manbf'B iqiparatus is a good example of flat 
parallel, beating surfacee, arranged as a hot air'Stove. 
It is shown in F^. CCXXIX. c, a cylindric boiler, 

710. CCXXIX. 



placed over a furnace, a, a, pipe rises from the 
vg^et part, and terminates in a square enclosed ves- 
sel, from which a pipe, e, branches to die upper end 
of a series of flat hollow veseela, //, that communi- 
cate with each other; another pipe, n, on their lower 
end, forms a communication with the bottJwi of the 
boiler. The flat hollow veesels axe enclosed in a 
duonher, v, into which tiie ixAA air is admitted 
throogh an opening in its floor, and the heated Eur is 
ctmve^red tbrongh an opening, r, in its roof, into 
channels which distribute it at the points where it is 
wanted. The water is supplied to the boiler from a 
reBerrmr, d, and the water which may be expelled by 
the expansion from heat, is conveyed by die small 
pipe, ■, into a vessel, s, which forms the bottom of 
tbe ash-pit, to assist by its evaporation, as Mr. Manby 
thought it would, the combustion of the fuel placed 
on the gral« over it. 

' AppeniUx to Tredgold, p. 7. . 
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The operation of this apparatue is very Bunple. 
The water heated in e, flows through e, into the air- 
heaters,/, where it is cooled by the current of cold air 
riaing through the opening, u, and falls to the lower 
. part of the heaters into a [upe, n, which conducts it 
to the lower part of the boiler, and by this meana a 
continued stream of hot water flows from the hoiler 
into the heating vessels, and preserves th^ surfaces 
at a certain temperature. 

There is no practical objection to this neat and 
compact ^paratus, except the greater difficulty of 
keeping the jtnnts in order, when compared to a 
similar arrangement, where ppee are suhstituted for 
the flat vessels. 

The preceding methods show the ventilating 
and warming processes to be kept separate, which 
are combined in the sppatatoa indicated in the 
PIG. ccxxx. diagrams. Fig. 

CCXXX. and 
Fig. CCXXXI. e, 
a boiler, from 
which proceeds 
the circulating 
pipe, c s, placed 
beneath the floor 
of the room in 
a nearly horizontal direction, but with a general 
inclination from the 
FIG. CCXXXI. highest point towards 

the boiler, c. The 
fresh tur is admitted 
at H, and descends in 
the vertical channel, a, 
into the space beneath 
the floor, and coining 
ia contact with the 
heated pipes, is emit- 
ted through holes in 




273 

the floor^ into the room, and the effete air escapes by 
the opening, t, in the ceiling. This is a very favour- 
able disposition of the heating suifiace, and one that 
is often adopted in drying-houses ; one of which is 
shown in the figure. 

It is apparent that a similar series of pipes may be 
placed in a basement chamber, from which channels 
may branch to the rooms which are to be heated in 
the floors above. 

In all the apparatus, which have been described, 
the circulation of the water is promoted by what is 
technically called a return or descending pipe. But 
in many cases, in which the difference of level is 
small, the effect does not appear to have been im- 
proved by this arrangement. 

In the diagram. Fig. CCXXXIL, a, is a furnace in the 
inside of the boiler, s, with various pipes proceeding 
from it. If we suppose the pipe, e, only to be attached 

FIG CCXXXII. 




to it and filled with water, as that in the boiler 
was heated, a circulation would commence and con- 
tinue by the hottest water rising to the upper 
part of the pipe, and the water cooled by contact 
with its surface falling into the boUer. It is clear 
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the Bame effect wUl be produced if the pipe, i, 
were substitated for the pipe, e: and it is also 
dear that the circulation would be less impeded 
than if the hottest water rose to i, and descended 
when cooled through the pipe, it it, to the bottom 
of the boiler, s, supposing in both cases an equal 
quantity of heat to be dissipated. If the heating 
jnpe, o, was nearly horizontal, the same effisct would 
take place from the molecular action, the water in the 
pipe would be somewhat warmer than if it flowed 
along b, descended by d, and returned by e, into 
the boikr, as less of the velocity due to the tempent- 
ture would be lost from friction in the straight pipe 
than in the return-pipe. In most eases the return- 
pipe might be altogether omitted, with manifest ad- 
vantage to the simplification and ccmsequent cer- 
tamty of the circulating process, the lightest water 
will always lind the highest levdl, and the less it is 
impeded the circulation will be the more perfect, and 
the heating effect wiU be greater. The arrangement, 
for instance, shown in Fig. CCXXIV. would have 
been as effective had there been no return-pipe; 
each floor or room might have been heated by a 
separate pipe proceeding from the boiler, and the ex- 
pense been considerably less by the simpler method. 

There are two ingenkms devices for continuing a 
circulatioa in cases when there is a small difference 
of level, — ^the rotary float of Mr. Eckstein, and the 
syphon apparatus <^ Mr. Kewley. In some in- 
stances they are effective; but perhaps the cases 
where their use is necessary are not those in which 
hot water heating is the most proper : they require 
more attention than can at all times be had from 
domestic servants, and are easily deranged. 

Tliere is usually an endeavour to connect as large 
an area as possible with the boiler,*; in order to save 
the time of the attendants, and ensure a imiformity 



«f effect. This is, however, often very injudicious, 
particulariy in dweUing-houses, where it is moat 
desirable to heat each fiooT, or certain chambers ae- 
paiBtely. The water-atove has been occasionally used 
to supply this defect; 
PIG. ccxxxiii. but ndther its construc- 

— tion nor its effect have 

been attended to. A 
section of one of the 
usual form is shown in 
Fig. CCXXXIII :— fl, 
the fuel-chamber ; b, the 
smoke-chamber ; c, the 
smoke flue : d, a space 
iilled with water, which 
is adniitted at /, and 
rises into e: if the pqtes 
are connected, a circula- 
' tion would then be con- 

tinued. In bed-room 
floors, two or more adjoining rooms could generally 
bo conveniently heated by a small stove of this sort 
placed in one of them. In work-rooms, also, in 
which the employment is followed at a. distance from 
the fire, and where warmth to the fingers and feet of 
the worker is desirable, a. water stove might be intro- 
duced with good effect : the hot water could be con- 
ducted under tables or round the room, or to points 
where it was wanted; and the stove be under the 
management of those whose feelings were to be con- 
sulted. 

The reqmred area of die heating surface is some- 
times given hy fixing a common boiler on the top of 
a small Dutch stove, which is constructed with a 
traversing heating-pipe, like those described in the 
previous apparatus ; and the whole is a ready and 
conrenient contrivance for a working or a sick room. 
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The velocity with which the water circulates has 
been attempted to be given by calculating from the 
difference of temperature indicated at opposite points 
of the apparatus ; but many circumstances in prac- 
tice affect the motion, — the varying temperature of 
the air, and consequently of the pipe surface, — the 
flexures and inclinations and length of the pipes, — 
the varying rate of combustion in the furnace, and 
heat of the water in the boiler, — the thickness, ma- 
terial, and surface of the pipe, — its irregular or uni- 
form calibre, — the greater or less skill with which the 
air-valves are placed, and many mechanical niceties 
of detail and finish. Most of the data must be as- 
sumed ; so that to practical men the few rules that 
have been given are not only useless but often delu- 
sive, and hence the uncertainty and varying practice 
of those who have erected this sort of apparatus. 

Some general maxims are however recognized in 
these arrangements. As the effect of the circulating 
pipe depends on the temperature of its surface, that 
will be higher or lower as the velocity of the internal 
fluid is rapid or slow ; all bends or flexures in the 
pipes should be avoided, and where unavoidable they 
should have as flat a curve as possible. Angular 
elbows or knees are most faulty. The ascending and 
descending pipes should throughout have the same 
or nearly the same internal diameter, without con- 
tractions or enlargements ; and where cocks are in- 
troduced, their water-way should be as near that of 
the pipe as possible. It is obvious, that in a series of 
tubes in which the circulation depends on a mi- 
nute difference of level, that this should be carefully 
preserved by proper fixing, more particularly where 
the direction is nearly horizontal, — a slight accidental 
depression in a series of pipes will mar the action of 
an otherwise effective apparatus ; and more failures 
have arisen from this, than by all other causes united. 
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It is of much importance towards the effect of a 
hot- water apparatus^ that the pipes for the escape of 
the air extricated from the water should be placed at 
the proper points. The only rule followed in prac- 
tice, is to fix them at the highest part of the range, 
where there is a change of level, as there the air, 
generally, though not always, is found to accu- 
mulate. 

The improvements or novelties that have been in- 
troduced, are mostly connected with the form of the 
boiler. They all may diminish the quantity of water 
which the boiler contains, and increase the area of its 
surface exposed to the fire ; but although each may 
produce some advantage, it is not unfrequently coun- 
terbalanced by aggravating some defect. The quan- 
tity of water a boiler contains cannot materially 
prolong the time of heating an ordinary sized buil- 
ding, and the economy of the more rapid process is 
at best but doubtful, as the heat accumulated by any 
mass of water, may finally be given out to the building. 
In the long run, the Cornish or Chabannes cyhndric 
boiler, with an internal furnace, may be propor- 
tioned to expose as large a surface to the fire, with 
the required capacity as will meet the exigence of most 
cases that occur in practice, and have that desirable 
simplicity and strength of construction in which 
some of the modem forms are deficient. The size of 
the boiler is proportioned to the quantity of fire sur- 
face that may be thought necessary, and not as in a 
steam-boiler, with regard to the quantity of steam in 
the pipes ; the greater the surface which is exposed to 
the fire, and the less its capacity, with reference to 
the cubic contents of the pipes, the sooner will they 
be heated. 

The fire surface of boiler, area of grate, and air* 
space may have the proportions given for a steam 
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boiler at page 247. Mr. Hood afisigns 4 square feet 
as tbe proportioii of fire surface for eyaporating I 
cubic foot of water an bour, estimating every 2 feet 
square of flue soiiiace as equal in effect to 1 foot of 
that portion of the surface exposed to the direct ac- 
tion of the fire, with 28 square inches of grate-bar 
to each foot of surface. When the room is about 
60°, and pipe at 200% 1 square foot of fire sudaoe 
will be required — 

For each 57 feet in length of 4-inch pipe 
76 feet „ of 3-inch pipe 
114 feet „ of 2-inch pipe 

If the difference between the heat of the air and the 
pipe is reduced, the length of pipe may be somewiiat 
increased. 

It is found most ccmvenient to give the necessary 
quantity of surface by increasing the length, rather 
than the diameter of the pipe. In practice, pipes of 
3 or 4 inches in diameter are most conunonly used ; 
and two lengths of pipe of small diameter are pre- 
ferred to one large pipe. They are more manageable 
when they want repairs, their joints are made wilii 
more facility, and less liable to be out of order ; and 
one pipe only instead of both^ may be heated occa« 
sionally. 

The pipes are connected in the same way as those 
for steam or water. Spigot and faucet-joints closed 
with iron cement, as already described, are perhaps 
as neat and lasting as those made by any other 
method. 

Aa the heat in a hot water apparatus is about &e 
same as that of steam-pipes, the quantity of pipe re- 
quired to warm a given area may be foxmd by the 
tskble or rulea ^ven in the preceding essay. The fol- 
lowiog rule to find the length of hot water pipe to 
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maintain a certain temperature is given by Mr. Hood^ 
as deduced from more accurate experiments than Mr. 
Tredgold's, and as more to be depended on in 
practice. 

Multiply 135 by the difference between the tem- 
perature to be produced in the room and the tem- 
perature of the external air; divide this product by 
the difference between the temperature of the pipes 
and proposed temperature of room; then multiply 
the quotient by the nmnber of cubic feet of air to be 
wanned per mmute ; this product divided by 222 wiU 
give the number of feet in length of pipe 4 inches 
diameter required. 

If 200 cubic feet of air is to be warmed in a minute, 
and the external air at 32% and the room at 60% and 
pipe at 200% then 125 x 28 ^ 140 x 200 4- 222 » 225 
feet of 4-inch pipe required. This multiplied by 1*38 
will give the length of 3-inch pipe ; by 2 of 2-inch9 
or four times the length of 1-inch pipe. 

The weight of coal used is found from the cubic feet 
of air heated. (See page 262). The time required 
for heating a building by hot water or steam appa- 
ratus is found by dividing the cubic contents of the 
room, by the quantity of air heated in a minute, the 
quotient will be the number of minutes required. 
A room containing 5,000 cubic feet, into which 200 
cubic feet of warmed air is admitted per minute, will 
be warmed in about half an hour. 

Where the heating surfaces are introduced into the 
rooms in the manner shown in Fig. CCIX., the 
apparatus can seldom be arranged to heat one apart- 
ment independently of another, nor can they with 
their connecting pipes always be made ornamental; 
and when the pipes are carried to some height above 
the boiler, there is so great a strain thrown on the 
lower joints that it is dijBicult to keep them wateir- 
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tight, and the apparatus requires frequent repairs. 
On this account, among others, this variety of the 
apparatus seldom continues to give satisfaction; 
especially in private houses, where the services of an 
engineer are not constantly required for other pur- 
poses. In most eases of this kind, it will be found 
best to confine the entire apparatus to the ground 
story, and so arrange it as to heat the air, in the 
manner shown in Figs. CCXXVIII., CCXXIX.^ 
GCXXX., and conduct it in the usual way by pipes 
or channels into the apartments above. The first 
expense is less, the repairs are easier made, and with 
much less inconvenience to the family or establish- 
ment. The effect is as great by this method as by the 
other; any part of a building may be heated without 
reference to another part, and, above all, any one 
part may be heated slower or quicker, — as all the heat 
of the apparatus may be thrown upon one point, if 
necessary. 

The high-pressure method, contrived by Mr. 
Perkins, is shown in the diagram. Fig. CCXXXIV. A 

coil of wrought-iron pipe of 
small diameter placed in a fur- 
nace, a, is continued and con- 
ducted through the building, 
and the necessary quantity of 
surface is given by forming 
coils, n, of the pipe which are 
placed in the rooms to be 
heated, and the pipe is finally 
returned, as at s, into the 
furnace where it is joined to 
the coiled pipe, a, and thus 
forms an endless pipe. At 
the highest point of the heat- 
ing pipe, f, is another pipe, d^ of a larger diameter. 



FIG. CCXXXIV. 
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{daced either in a vertical or horizontal position, and 
which has a capacity from ^ to -jV of all the water 
in the endless pipe. This is called the expansion- 
pipe, and into which the water rises as it expands in 
heating to prevent the apparatus bursting. The filling- 
pipe, o, rises to the level ; and no higher; of the lower 
part of the expansion or safety-pipe. 

. The tubes being thus arranged the whole series, 
except the expansion-pipe, is filled with water by 
means of a force-pump applied to the filling-pipe, oj 
and as it is of importance to free the endless pipe 
thoroughly from air, the water is pumped several 
times through the tube until this is accomplished. 
The endless-pipe being thus filled with water, and 
the expansion-pipe empty, every part of the appa- 
ratus is then strongly and hermetically closed. The 
endless-pipe, having a bore of about § an inch, and 
being i of an inch thick, the apparatus is capable 
of sustaining a very great pressure. 

Its action is the same as that of the chicken-stove 
of M. Bonnemain. The water heated in the fiimace- 
coil rises into the upright pipe, and then flows on 
a declination towards the coils placed in the apart- 
ments, and gradually giving out its warmth to the air 
of the spaces it flows through, returns greatly reduced 
in temperature through the pipe, s, into the lower part 
of the furnace-coil, to be heated and rise upward again 
continually; the difference in temperature between 
the ascending and descending columns producing a 
continuous circulation throughout the apparatus. 

From the manner in which the pipes are closed 
from the air and placed in the furnace, the water they 
contain may be raised to a very high temperature. 
Mr. Perkins states the average at about 350°, but in 
practice it has been observed this is considerably 
exceeded. 

VOL.II. u 
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The three following dia< 
grama will give some idea 
of the w&y in which the 
furnace was constnicted to 
heat a portion of the Britjsh 
Museum. Fig. CCXXXV. 
IB a plan of the furnace 
taken above the grate i 
Fig. CCXXXVI. a longitu- 
dinal Bection taken through 
the centre of the furnace ; 
and Fig. CCXXXVII. 
a section, suppoung the 
front wall of the furnace 
to be removed; rr, a wall 
^_j;:~,^ of common brickB, 9 

J I Ml inches thick, which en- 

i grri cloaea the furnace on ite 

^ ■ ^ £ U. ^ four sides ; b 6, a wall 9 
a tt inches thick, formed of 
~ ' Welch fire-lumps, that 

enclose the fire-chamber on 
three sides. From the face 
and ends of this wall fire- 
bricks project, to support 
the coiled pipe, o, placed 
in the flue. The intention 
of this wall ia to prevent 
~ the too rapid abstraction, 
by the coil, of the heat from the fire which thus 
comes in contact with it at the opening in front only, 
where the hot gases turn into the back and side fluea 
in which three-fourths of the furnace or boiler-coil ie 
placed. The roof of the furnace ie formed of Welch 
lumps, in which is an opening, nt, fitted with a 
moveable cover, for supplyinf; the furnace with fuel 
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(coke or anthracite coal being preferred). The ashi> 
pit, o, is enclosed with a door) n, in which there is a 
register ; k, double fire-door to an opening in the wall, 
for clearing the fireplace and furnace-bars from dust 
and scoria. This has a dead plate, to separate the 
ash-pit from the heating flues ; w, heating.pipe, rising 
from the boiler-coil which passes round the internal 
wall, in the flue, v, and is thus defended from the 
radiant heat of the fuel on all sides but one. This 
heating-pipe is continued from the upper part of the 
fire-chamber into the building; z, the return-pipe 
which enters the lower part of the furnace, and passes 
through the bearing bars of the fire gratmg, to pre- 
vent their overheating. The dust and soot fall to the 
bottom of the heating flue and prevent the coil being 
clogged. 

The furnace is placed in a vault in the basement 
story, and the pipes, x, z, are carried up to a height of 
40 feet in a flue to two coils of pipe; one containing 
about 300 feet of pipe, and the other 400; about 1^0 
feet being used for the ascending and descending-pipe 
in the flue, and 150 in the furnace for the coil boiler. 
The room containing 360 feet of pipe, is 43 feet long 
and 30 wide, and lighted by large skylights in the 
ceiling, is raised in winter to 65°, which is a high 
temperature to be maintdned in a room on this con- 
struction, even with this liberal allowance of heating 
surface. 

Mr. Perkins made several skilful arrangements of 
his pipes in adapting his apparatus to diflferent situa- 
tions. In one example he substituted a series of pipes 
for a cockle, with excellent effect.* The pipes were 
arranged in an enclosed chamber, from the roof of 
which channels branched to the several points that 
required heating, and cold air was admitted into this 

* Richardson, on Warmings &c., p. 44—48. 
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chamber through perforations in its floor (similar to 
that shown in Fig. CCXXIX.), which was thus 
brought in contact with the hot pipes, and rose in a 
warm stream into the building ; a disposition perhaps 
the most favourable that could be practised with such 
highly heated surfaces, as the hot air could be properly 
attempered by the cold air drawn from an under* 
ground culvert about 300 yards long, before its ad-* 
mission into the building. 

The adaptation of these methods of heating to 
dwelhng-houses is a point that often is, but never 
should be lost sight of by inventors; for however 
flattering it may be to their ingenuity to succeed in 
the construction of large apparatus for extensive 
buildings, the benefit they confer on the pubhc is tri- 
fling when compared to what it would be were their 
contrivance made useful for common sized rooms in 
small houses. The way in which Mr. Perkins heated an 
office shows, however, that although his high-pres- 
sure apparatus has mostly been erected on a large 
scale, it may be used with advantage to heat an 
ordinary sized parlour. In the case alluded to, he 
placed a few bends of the wrought-iron pipe at the 
back of the grate for an open fire, from which 
two pipes were carried round the skirting, and the 
filling and small expansion tubes were placed in the 
hearth recess. The open fire was made in the grate 
as usual, and heated the water in the bends, which 
flowing in the pipes difiused an equable and genial 
warmth round the room, — a hint that might be ex- 
tended, to produce a great deal of comfort in places 
that are now without any ; and the boiler-coil could 
be attached to a low-pressure as well a high-pressure 
circulation. 

The way in which the pipes are joined is the same 
as that followed in connecting gas-pipes. It is 
described in pag6 283. Fig. CCXXXVIII. shows 
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what is called the cone-joint» 

and is strong and quickly 

made. The cone is inserted 

into the ends of the pipes to 

be joined, andismade tight by 

two screw-bolts, (as shown 

in the figure), which will be 

understood by inspection. 

For some other details of this method Mr. Rich* 

ardson's treatise may be consulted with profit, 

lowering however somewhat his estimate of the 

advantages of a high-pressure circulation. 

'An obvious superiority of the high-pressure appa* 
ratus lies in the ease with which the heating-pipes, from 
their flexible material and small size, may be intro- 
duced into rooms into which larger and imsightly pipes 
would be inadmissible ; in the ease with which they 
may be kept in working order, and the facility with 
which they may be arranged to meet the exigencies 
of particular situations. The boiler coil and heating- 
pipes contun much less water than the boiler and 
pipes of a low-pressure apparatus, hence it is sooner 
heated ; and as the pipes may be more spread in the 
space, their heat should be more equably diflused. 

On the other hand it is open to some serious objec- 
tions; the pipes being hermetically closed, a very 
high temperature may be given to the water, and an 
enormous and dangerous pressure by this means 
thrown on the apparatus. Mr. Perkins stated that 
the temperature in the pipes seldom exceeded 350^ 
which is equal to a pressure of about 135 lbs. per 
square inch, and greatly exceeds the maximum strain, 
or 50 lbs. an inch thrown on a high-pressure steam- 
engine. But in practice the temperature of the Per- 
kins apparatus has been found to vary from 220** to 
550% the latter temperature equivalent to a pressure 
on the pipes of 1,100 lbs. per square inch, — ^upwards 
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of 71 atmospHeres. It may be admitted, that the 
hazard of bursting is merely relative; for as Mr. 
Perkins proves his pipes when cold to resist a pres- 
sure of 2,800 lbs. per inch, there may be, and perhaps 
is, less danger in working his apparatus at a pressure 
of 1,100 lbs. on the inch than a Trevithic engine 
working under 50 Ibs^ on the inch. We know, 
however, from experience, that from use the material 
of the pipes loses its original tenacity, and that pipes 
which have when cold resisted the pressure stated by 
Mr. Perkins, when heated, have given way even 
below the temperature at which they had long 
been worked with safety. The fear of danger, if 
its actual presence in the average of cases be dis- 
puted, is no doubt greatly increased by the knowledge 
that no method has been devised to regulate the pres- 
sure in the sealed pipes like the safety-valve of a 
steam-engine, nor any means to prevent a careless 
attendant on the furnace at any time endangering 
the safety of the apparatus. 

In many cases the high temperature of the pipes 
is objectionable from surfaces at 300° or 400** render- 
ing the air insalubrious by decomposing the animal and 
vegetable matters suspended in it. On this accoimt 
a high-pressure pipe is not superior to a German 
stove, whose surface is generally above 300° ; and a 
pipe at this temperature cannot be placed without 
danger near wooden skirtings or floors, or combus- 
tible materials. 

Although the pipes can be spread into all parts of a 
building, the heat is not very equally diffused, as 
the pipe surface sometimes varies 200° or 300° at 
different points of the apparatus. This fact marks 
in a clear manner the defective circulation in the pipes, 
mainly, from the friction occasioned by the number 
of their bendings and angles; were these dimi- 
nished the pipes would have a more uniform tempe- 



287 

ratore^ a larger quantity of air would be heated by the 
same surface, with the same quantity of fuel expended 
in the furnace, with a less pressure on the pipes. 

The mmiber of these convolutions, the ever-varying 
temperature of the furnace, and the small diameter of 
the pipes, renders futile the attempt to ascertain the 
velocity of the circulating water. That there should 
be any motion whatever in the water at certain points 
of some apparatus that have been erected, is a cir- 
cumstance that seems to set at nought most of the 
common notions of hydraulic action. 

The quickness with which the apparatus may be 
heated depends in some degree on the proportion 
given to the boiler-coil. From a seventh to a fourth 
part of the whole length of coiled pipe has been placed 
in the furnace ; the greater the length so placed the 
more rapidly the sealed pipes are heated. 

From the smaller quantity of water in the furnace- 
coil and sealed pipe, the Perkins apparatus is 
sooner heated than a boiler and larger pipes on the 
conunon construction. But there is little difference 
in the time in which the air of a building is heated by 
the high or low-pressure apparatus, where the former 
is worked at a pressure about 350^ for the mean tem- 
perature will not then exceed 220**. 

This greater rapidity of heating is however no ad- 
vantage in many situations. The apparatus being as 
quickly cooled as it is heated, and its general tempe- 
rature rapidly fluctuating at every variation of the 
combustion in the furnace, in all places where per- 
manence and uniformity of temperature are essen- 
tial, the low-pressure apparatus in which a great body 
of water acts as a regulator as well as a reservoir of 
heat is to be preferred ; and it is obvious that the same 
quantity of heating surface at the same temperature 
in every variety of warming apparatus heats the same 
quantity of air. From the comparatively small sur- 
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hce of pipe exposed to the radiant heat of the furnace, 
and the high temperature at which the smoke escapes 
from it, the coiled-pipe boiler has been thought much 
less economical of fuel than the low-pressure boiler. It 
is not found to be so in practice. All circumstances 
being similar, the high-pressure coil requires about the 
same quantity of fuel that is necessary for a common 
boiler. The construction of the furnace is one of the 
most ingenious and well-designed parts of the Per- 
kins apparatus — that of which some diagrams have 
been given; and another erected for Mr. Babbage, 
are entitled to great praise. It is confessed that 
accidents are not more frequent with this than with 
other apparatus : but when the patent is thrown open, 
the competition of tradesmen, their careless selection 
of materials, imperfect workmanship and ignorance 
of effects, must be calculated on as prodigiously 
enhancing the chances of future accident, which are 
now trifling in consequence of the great care bestowed 
by Mr. Perkins in the construction of this hazardous 
apparatus. 

The draco has been noticed in the Third Essay ; to 
which may be added that Cameron, in his account of 
the baths of the Romans, also gives a figure of an 
ancient coil-boiler, most probably formed by a 
Roman workman. 
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ESSAY XVI. 

I 

The effects of temperature, which are of conse- 
quence in all diseases, in some are of vital importance ; 
but yet, says Beddoes, hitherto no apothecary has 
invented the art of dispensing heat and cold, and 
the means of applying them generally or partially 
have been very imperfectly provided for the use of 
the sick. In most cases the physician is prevented 
from recommending a patient to be placed in air of a 
certain quality, from a supposed difficulty in pro^ 
ducing it; or the friends of the invalid are indolent, 
and disposed, when anything beyond mere household 
means, — such as a warming-pan, or hot blankets, or 
hot water,— are required, to consider every thing not 
comprehended in the ordinary routine of practice 
with dislike ; and the medical attendant knows that 
as they must administer or superintend what he pre- 
scribes, if they do not accord a willing and intelligent 
co-operation, his exertions in favour of the invalid are 
irksome or neutralized. In other cases the relatives 
are poor, and unable to meet the expense ; or they 
are parsimonious ; or they are ignorant and doubtful 
of its efficacy. 

Every room which we inhabit is a shelter for me- 
dical purposes which we seek almost intuitively, 
from feeling many natural functions can only be per- 
formed in a certain temperature : though those only 
which are heated and ventilated with the inten- 
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tion, to promote the comfort and aid tlie recovery of 
the [sick^ are for distinction called medical climates. 
There is no mechanical difficulty in heating a room to 
produce any variety of climate ; nor will increased 
trouble or inconvenience follow from its adoption; 
on the contrary, it will diminish the occasions for 
attendance in a variety of ways : — ^if the invalid be 
poor, his improved climate \idll cost less than the 
one he previously lived in; and the parsimonious 
will receive a boon instead of being required to make 
a sacrifice* 

According to physicians, steady warmth, in con- 
sumption, for instance, creates an exemption in 
favour of those who would become a prey to that 
disease in a cold variable climate; and on this 
account a residence in a warmer region is often re- 
conmiended to invalids. Where a change of country 
is not expedient, a warm artificial chmate is consi- 
dered the next best alternative. 

Le Grand, in his ''History of Auvergne," relates that 
in Cantal and Salens the wood is so scarce, that in 
winter the peasants are forced to he abed most part 
of the day to keep themselves warm. On the Mount 
D'Or, their habitations are divided into the house, the 
stable, and the bam. As soon as the cold weather 
ffets in all the family retire to the stable, and are ge- 
nerally joined by other families ; for if one person 
has a better stable than the rest, it is fixed upon 
for the rendezvous of several families. The horses* 
cows, oxen, and sheep occupy two ends of the room ; 
the beds of the family,— a sort of boxes placed at the 
feet of one another against the wall, and filled with 
straw, — are placed in the middle, as being the wannest 
part; and the inmates pass through the range of 
cattle whenever they go out of the stable into the 
house, which they do thrice a day to eat their broth. 
But these people, Le Grand remarks, are subject to 
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fevers and other maladies^ owing to the air they 
breathe in their cow-house^ which is corrupted not 
only by the exhalations from the dunghills, which 
are never removed during the winter, but also by the 
respiration of the animals. 

Nevertheless it was observed that although un- 
wholesome and nauseous in general, in some cases it 
seemed to have a beneficial effect in abating the 
symptoms of a consumptive disease. 

*' After an illness, (says Madame Mezeray), during 
which I took little care of myself, I fell into a con- 
sumption. At length I spit blood in clots, and had 
other bad symptoms. I lost my sleep; and being 
as ill as possible, I had several consultations with the 
first physicians in Paris. They concluded my com- 
plaint was too far advanced to leave any hope of a 
cure : but they prescribed ass's milk, and exercise on 
horseback *, which last I was too weak to take. 

*' I was nineteen. I beheld my end approach with 
deep dismay. One day, when I was bewsdling myself, 
a very sensible friend of mine paid me a visit. In 
the midst of his condolence he said, since all the phy- 
sicians abandon you, let me bring you a man who is 
treated here as a charlatan because he is not known, 
but who in my opinion is a man of merit. He 
brought him. I spit blood in clots. I was in such 
violent pain, and my fever was so high, that I cried 
out, — 'Ah, if there be yet time, save me !' He pro- 
mised to do all in his power; but I heard him say, in 
a low voice, that it was very late. He made me pro- 
mise to follow his orders exactly, how painful soever 
they might be ; and I kept my word. Finding that a 
remedy he prescribed had not the desired effect, he 
gave orders for a cow-house to be prepared for me, 
which was finished in a day, in a coach-house belong- 
ing to my house* They broke open a window, fuad 
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contriTed stalls for three cows; a wooden railingj 
high enough for me to lean upon, was all that sepa* 
rated me from the animals. My bed was placed upon 
planks about a foot from the ground, the better to 
let the filth run under, and the planks were pur- 
posely ill-joined that the vapour might rise through 
them ; and this was so strong that every thing white 
which was brought in became reddish in a short 
time. 

** My apartment was divided into two rooms. That 
which I lived in was pretty laige, and held a bed 
with curtains, — siurounded by a gauze blind to keep 
away the flies, which always abound in stables, and 
are particularly insupportable duringillness; a wooden 
table, two straw chairs without cushions, and bare 
walls — such was my chamber. There was a sort of 
anti-chamber for the woman who took care of the 
cows. ■ My surgeon and waiting-maid lodged over 
head. I had bells to call them at pleasure. 

" I soon spit less blood. After being a week in the 
cow-house my legs ceased sweUing. Other symp- 
toms improved. The night sweats I almost always 
had continued long after, but finally left me. From 
the moment I entered it I renounced every species of 
food, except milk : I did not taste bread even for nine 
months. People came to see me as an object of cu- 
riosity. The Duchess of Orleans paid me a visit; 
and, after my recovery, she recommended Doctor 
Saiffert to the Duke, which was the means of making 
his fortune. Here I remained nine months without 
intermission, with the exception of a few rides in a 
close carriage. In short, he saved me at the expense 
of my hair only, which all fell off. It was necessary 
to repair my fore-teeth, which I had neglected in my 
illness ; and I was absolutely forbid to play on the 
harp, which had made my breath very short; but 
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what is all tliis in comparison with life ? I am now 
become quite a strong woman ; and although not so 
vigorous now at thirty-six as when I was nineteen, 
for aU that I think I shall weather life out very 
well." • 

" In daring to commit such cases to the public/' 
says the benevolent and enthusiastic Beddoes, " I feel 
that I am preparing a feast for those who resort to 
ridicule, if not as a test of truth, yet as the supreme 
delight of rational and inmiortal minds ; but I hope 
also to interest those whom no ludicrous accessories 
can prevent from viewing with complacency the first 
awkward and unsteady advances towards an useful 
object." 

A daughter of the celebrated Priestly having 
applied for advice ; '* In her case to have placed the 
smallest reliance on medicine," says the doctor, 
" would have been to encourage a fatal delusion ; and 
there only remained the choice between a sea- voyage 
and a constant residence with cows. She asked me 
which alternative I should prefer in her situation. I 
told her undoubtedly with cows." And she made the 
experiment under his direction. 

The stable provided for this lady, was 24 feet long, 
14 feet wide, and 9 feet high. A space, partitioned 
off, was sufficient to contain a bed, a table, and 
aUow a little room to move about in. Its floor, 
formed of rough boards, was raised a few inches 
above the ground of the stable. The windows were 
ill-placed; they faced the north, on account of the 
convenience of communicating with the house. They 
should have faced the south. 

Two cows were placed in it for a month, and three 
cows for the remaining five months. There was a 

* Medical management of the Consumptiye, p. 38. 
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small stove in the part where Mrs. Finch lay, which 
was used for two months, for nearly half the day, hut 
afterwards only in extreme frost, or on the room feel- 
ing damp. 

The temperature for two months was kept from 60o 
to 65 ^ afterwards from 65° to 70^ hut in general at 
68?. The temperature was foimd hest between the 
.two latter temperatures, and the air at a medium be- 
tween excessive damp and too dry heat of a stove. 
The stove lighted in the morning to dry a little of the 
moisture collected during the night was pleasantest 
to her feelings. Successive generations of flies were 
found to be a great nuisance, and the cordage and 
other parts of the bed were speedily rotted. TTie va- 
pours however gave no body cold, nor did any 
attendant suffer from a longer or shorter continuance 
in a medium so much warmer than the external at- 
mosphere. On the contrary, one lady who paid many 
and long visits had her symptoms of chronic rheuma- 
tism much alleviated. 

The management of the cows was found to be a 
matter of some importance. For a month or six 
weeks they were allowed very little straw, nor was 
their standing cleaned ; afterwards they had plenty of 
straw, and their beds were kept tolerably dry. Hay 
of the best quahty, and free from dust, was found 
preferable on all accounts, and straw that was clean 
and dry. The cows were watered twice a day, but 
not so sparingly as they might have been. The better 
the hay they were supplied with the less water was 
necessary. Their horns were noisy, particularly 
during the night; on that account, young cows 
without horns would have been more desirable, and 
such as were young in calf; and halters better than 
chains to tie them with. 

Mr. Finch observed, that if the patient could have 
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been on a low floor above the cows many disagreeable 
circumstances would have been avoided. 

The effect of their wet was all along nauseous to a 
stranger^ but the feelings of the patient should alone 
be consulted. The genial warmth relieved oppression 
on the chest, took off restlessness, and produced a 
feeling the lady described by comparing it to nourish- 
ment conveyed through the pores of the skin ; and so 
different were her feehngs in the cow-house to what 
they were before, that she would have been reluctant 
to have changed her apartment for the night, how- 
ever she might have wished a cleaner and more 
cheerful one for the day. After the first night, the 
air was, to use her own expression, b^dsamic.* 

In this she remained through autumn and win- 
ter, for six months, with three exceptions. About a 
week after her entrance she slept a night out of the 
cow-house, when the hectic symptoms and night 
sweats which had left her returned. Six weeks after- 
wards she lived for three days in an apartment 3*" 
warmer than the cow-house. The night sweats did 
not return until the third night, and her breathing 
became laborious ; instantaneous relief took place on 
returning to the cow-house. On a subsequent 
removal for a week no relapse occurred. 

The effect on the cows living in a climate at this 
temperature was not observed by the doctor, but it 
is pleasing to reflect that while alleviating human 
suffering, the second mothers of mankind were bene- 
fitted themselves. "A cow," says Anderson, ''to 
enjoy existence requires a temperature not lower than 
50% nor higher than 70**." But he sets one limit too 
low : a cow does not appear to feel pleasure in a climate 
imder 60° ; and we have seen them in a north-easterly 

* Medical Management, &c.f p. 47. 
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wind prefer a moist warm cow-house at 7S^ to 
one 10** lower. 

During the following winter Mrs. Finch confined 
herself to an apartment heated artificially by a stove ; 
but she then said, '* I still prefer the air of the cow- 
house to my warm room, although it is of a good 
size, and lies to the sun." 

Another method of using the same kind oC heat 
was tried by Dr. Beddoes, to ascertain whether the 
effect was owing to any cause but a high uniform 
temperatiure, and the gases given out by the skins, 
and breath of the animals, and fermenting vegetable 
substances. A stable with two stalls was selected 
for the experiment. One stall was filled very full of 
the materials used by gardeners for hot-beds. When 
the hot-bed was in strong fermentation the tem- 
perature rose to 64% and the patient felt relieved. 
Occasional supplies of stable and cow-house soil were 
added as the first hot-bed sunk. As the winter ad- 
vanced, and the warmth from the fermenting mass 
decreased, the stable became too cold, and it was 
necessary to introduce a stove ; at 60** and below that 
temperature the patient's symptoms became more 
severe. 70° was an agreeable warmth, though he 
could well bear a higher.* 

Vessels contsdning the fermentable substance might 
also, as the doctor suggested, be introduced to warm 
a room, and be easily regulated by covers, and the 
vessels removed entirely the moment that the exhala- 
tion was found to disagree or be offensive. 

For another invalid double doors and double win- 
dows were added to a bed- room. The fire-place was 
bricked up round the flue of a cast-iron stove for 
giving out heated air ; one of the sides of the stove 
was pierced, to receive the end of an iron tube, a, the 

* Medical Mam^ment, p. 71. 
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other end of which passed 
through the wall of the 
apartment, hy which means 
the fuel was consumed by 
the external air. This tube 
had a damper to regulate 
the supply of air to the 
fire when it burned too 
briskly. The temperature 
of 70° being most agree- 
able, this heat was kept up 
steadily. 
Two other invalids, whose 
rooms were heated in a similar way, foimd the most 
agreeable temperature to be 65". At 54°, others were 
disagreeably affected by the cold. 

On another occasion a hot-air stove was placed in 
the bed-room, and in a sitting-room which conununi- 
cated with it ; a fire was occasionally made in the 
open grate. The stove fire was supplied by air con- 
veyed through a pipe from without ; and it was easy 
to keep up' night and day a pleasant temperature, 
varpng between 60° and 65°. 

It was remarked by all these invalids that the still-' 
ness of the air in their rooms became much more 
agreeable than the currents and unequal distribution 
of heat from a common fire. No complaints were 
made of any disagreeable smeUs being produced by 
the iron stoves. 

About 1802 Dr. Adams broached the project of 
constructing a building adapted for the reception of 
pulmonic invalids, which should be kept throughout 
the winter at a certain warmth so as to imitate the 
genial southerly climates. Dr. Pearson also, in 1808> 
endeavoured to draw attention to a similar scheme.* 
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In 1809) a regnlated cMmate for astliindtic patients 
was recommended by Dr. Buxton ; and on one occa- 
sion he succeeded in producing what he considered 
a salubrious atmosphere^ by means of a conmion 
ironing stove 12 inches long, 9 inches wide, and 9 
inches high, placed 5 feet from the wall of a room 
that had 1,337 cubic feet of space ; but from the con- 
struction and small size of the stove, and high tem- 
perature of the room, the surface must have been 
often at a red heat, and the air of very indifferent 
^j^iality. 

In 1814 Dr. Kentish greatly improved on Dr. 
Adams' notion, in his account of a ^' Madeira House,'^ 
which should contain library, baths, garden, ambula- 
tories, riding-house, and other accommodations for 
the consumptive, kept at a summer temperature 
throughout the winter.* Mr. Yallance, in 1821, 
spoke of a kind of immense hotel, with a public roo&i 
of such a size as would be sufficient for ample exercise^ 
and in which, thoi:^h all would partake of the benefit 
of the general arrangement, each would have a room 
or a suite of rooms to himself: and a few years 
afterward Dr. Pearson lamented the failure of his 
early project, on " account of the many thousands of 
persons who were hving in the kingdom in a state 
of bad health, not remediable, nor even capable 
of rehef, but by warm fresh air of suitable degrees 
of temperature, which is nowhere obtainable, exce^ 
perhaps for a short time, in any climate.'' It has 
often been tried by individuals on the scale of an 
ordinary lodging-house, and at distant intervals adver- 
tisements have appeared, stating where rooms could be 
had, fitted up to accommodate x>ersons who required 
a warm atmosphere; but apparently the establiBh*- 

* Account of Baths. Appendix, p. 48. 

t Tredgold. Principles of Warming, p. 300. 1824. 
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ments have had an ephemeral existence only. The 
notion of a pnblic Madeira House, does not seem to 
be a popular one : it has too much the character of 
an hospital to gain the favour of persons in the better 
ranks of society ; and it could not perhaps be adapted 
to the convenience and means of those in humbler 
stations, who form the bulk of sufferers in most cases 
of puhnonary disease. Nevertheless, its greatest ad- 
tantage may be reaped by the poorest invalid who 
will bestow a trifling care in heating and ventilating 
his bed-room or parlour. 

Medical writers on climate, as a remedial agent, 
seem generally agreed that warmth, and equability 
of temperature with a certain degree of moisture 
is essential to its efficacy, especially in pulmonic 
affections. Dr. Thomas Young observes, that the 
greatest uniformity of temperature is obtained in a 
Sea voyage to a warm climate, in which the variation 
seldom amounts to half as much as in the most 
favourable climate on shore.* There is not a spot 
frequented by invalids in the most genial regions of 
Europe where the natural winter and spring climate 
would not be most injurious to a consumptive person 
exposed to it ; and there are seasons when iires after 
simset are welcome even to the healthy in the genial 
Island of Madeira. In England no one place in 
spring has much advantage over another in point of 
salubrity, or where a person without caution would 
not undergo some loss of health or uneasy sensation; 
nor where, if he were consmnptive, he could venture a 
dozen times diuring five months in the year to enjoy 
exercise in the open air — or for seven months could 
be without a fire in his chamber. 

The degree of benefit produced by the warmth 
alone of the air cannot be assigned, nor that due to the 

* PWl. Mag. Vol. xll. p. 266. 
X 2 
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moisture. Beddoes found that a certain temperature 
was indispensable, or the patients lost ground, and 
that heated air only was inadequate to rehef. Another 
medical author, in corroboration of this statement, 
says, that in the West Indies negroes threatened 
with puhnonary disease were sent to live for a period 
in the boiling-house, which is commonly filled with 
vapour ; and the practice was very often successful in 
restoring health. In a room for habitation by the 
consumptive, means therefore should be provided for 
maintaining the air at a certain uniform temperature, 
at all times, and which should contain a certain quan- 
tity of moisture, and be frequently renewed without 
sensible draughts or currents. The air admitted to 
supply the ventilation should be free from local im- 
purities. 

As the apartment is to be inhabited between Octo- 
ber and May, it is desirable, for the preservation of 
warmth, that its windows should have a south aspect, 
and it will generally be found convenient to select the 
apartment (of one or more rooms) on the uppermost 
landing of the staircase, or one entering from a pas- 
sage, a part of which may be formed into a small ante- 
chamber. Two rooms conununicating with each 
other are to be preferred. 

Much of the comfort of the invalid and the atten- 
dants will depend on the way in which the door is ma- 
naged that separates the sick apartment from the house. 

Double doors fitted very closely will prevent the 
entrance of chink winds; but unless the space between 
them be sufiicient for a person to stand in, and 
shut one door while he opens the other, a great por- 
tion of the warmed air will escape every time he enters 
or leaves the room. If the doors cannot be conveni- 
ently placed at a proper distance apart, a curtain-porch 
may be substituted. This is readily formed by a 
slight bracket, with a projection of not less than 18 
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inches, placed over the door from which a wide curtain 
is suspended, and falls to the floor ; this is fastened to 
the architrave of the door, or to the wall, by nails, or 
held in that position by a lath nailed over its edge, so 
that when the curtain hangs to the floor the door may 
be open, and no air escape from the room. By means of 
a cord attached to the lower edge of the curtain, which 
goes through a pulley or a loop fixed to the bracket, 
it is drawn up like a Venetian window-blind by a per- 
son entering the room, and let down before the door 
is opened ; this is perhaps a better description of porch 
than that formed by two doors, and may be made, 
where that is desired, to have a certain degree of 
elegance. 

When the windows are well fitted and air-tight, the 
quick opening or shutting of a door invariably drawsi 
the smoke from a fire or stove into the room. Double 
doors or a curtain-porch lessen this evil, which to 
invalids occasions much inconvenience, particularly 
where coal is used as fuel. 

Double windows also should be used; and they will 
be found most agreeable if the temporary one be fixed 
on the outside of the room window ; the space between 
them maybe filled with flowers, or be used as a reser- 
voir from which to draw air to replace that emitted by 
the ventilation. If used for this purpose the outer 
window should have one of its panes fitted with a valve 
to be opened or shut from the inside, and in all cases 
made air-tight except at the valve. If the room opened 
into an air-tightjglazed verandah, it would be unob- 
jectionable. 

The method of warming the apartment is the next 
consideration. Where the whole house is heated by a 
Steam or hot water or hot air apparatus, nothing 
further will be required than to give the necessary 
moisture to the air heated by these means: and to 
provide for the ventilation by the common methods. 
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An open fire on all accounts is to be discarded for 
an air-stove or a hot water or a Dutch stove. 

A water-stove, like that shown in Fig. CCXXXIIL, 
would be unobjectionable, on account of the certainty 
of its surface not being overheated : and the greater 
the quantity of water that surrounded the fire, the more 
uniform would be its action, and after it was heated 
it would longer continue to impart warmth to the room, 
— ^which is a great ease to the attendant where the &r^ 
is kept up, and the apartment warmed to the same 
degree, as it always ought to be night and day. By 
surrounding it with a casing, at the distance of an inch* 
and-a-half, like the stove shown in Fig. CLXXHL, it 
may be employed with advantage, when the air froni 
without is to be heated as it should be before its ad- 
mission into the room. 

It is obvious that any variety of stove may be used 
with good effect when its heating surface is properly 
proportioned to the fuel-chamber. An air-stove, such 
as that shown in page 195, in most cases is to be pre- 
ferred. The Amott stove is also a good apparatus ; 
from its ingenious self-regulating mechanism, it re- 
quires httle attendance during the night, to keep up 
an uniform climate. Whatever stove is selected its top 
should be flat, for the convenience of setting things ou 
it to warm ; and elbows in the smoke-pipe, proceed- 
ing from the stove to the chimney, should be avoided ; 
the smoke-flue is to have no communication with thQ 
room except through the stove : the height betweeiu 
the upper edge of the fireplace door and the lower 
edge of the smoke pipe should not be less than from 
7 to 10 inches, and the pipe placed as near the top as 
possible. When this is placed low the smoke will 
come into the room, when the fireplace door is opened* 

The room, being made ahnost air-proof with double 
doors or curtain-porch and double windows, the air, to 
supply the ventilation^ may be drawn from a pipe or 
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cliaimel^opeiung at one end to the interval between th^ 
stove and its casing, and at the other to the external 
air or to some room communicating with it^ and a 
branch from this may be introduced into the ash-pit 
to snpi^y the combustion. The ventilation may take 
place through an opening made into the space between 
the double window, or through an opening fitted with 
a valve made near the ceiling into the smoke-flue. 
"Die warmed air admitted will be regulated by the 
quantity of the efete air that is allowed to escape at 
the valve, which at all times must be adjusted to the 
feelings of the invalid. 

Or the ash-pit may be made nearly air*tight, by a 
double door, and a pipe with a valve inserted into it be 
carried up within a few inches of the ceiling. The 
eS^ie air wiU be drawn into the ash-pit, and rise 
through the fire into the smoke-flue, in a quantity that 
is regulated by the valve. Or a pipe may be placed in 
th^ furnace, in the way practised in the Chabaxmea 
stove, (page 91) and connected to the ventilating 
pipe, which will also draw the efiete air into the 
smoke-flue ; this is the better method, as the ventila^* 
tion is then independent of the supply of air to the 

The double window is of much use in preventing 
the conduction of heat by the glass windows, and it is 
equally useful in preventii^ the glass condensing the 
vapour in the air in contact with it* In common cases 
this is a process that proceeds so rapidly that when the 
room is very warm, and the weather without very cold, 
it is difficult to keep the air sufficiently moist, and the 
condensed vapour runs in streams from the window : 
the air will then seem moist, though in reality it will be 
uncomfortably dry. This effect is greatest in the day 
time; after sunset the use of curtains and shutters 
makes it easier to preserve its hygrometric state 
somewhat r^^ujiar. Dr, Beddoes did not obs^ire 
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the quantity of vapour in the cowhouse air, nor in 
the stove-heated rooms. In two instances within our 
own knowledge air at 60^ was not agreeahle when 
nearly saturated : it felt damp and chilly. At 71^5 
and at 76° the air, when nearly saturated, was found to 
be bland and refreshing ; and was particularly so at 
the higher temperature, with a movement barely per- 
ceptible. In these cases it was remarked, that a very 
small degree of ventilation was required by the invalid ; 
and that for hours its total cessation occasioned no 
uneasiness. A very dry air at 74°, with its dew point 
at 43°, was not unpleasant ; but moist air was breathed 
from choice. 

The warmed air is easily supplied with necessary 
moisture by a pipe from the water stove, or by a large 
flat open vessel of water placed on the top of the stove, 
or exposing a surface of moist exhaling substance such 
as wetted cloth to the air of the room, or more neatly 
by the method practised by Dr. Amott in his stove, 
(page 230) placed in the Custom House. 

Two rooms, which communicate, have many advan- 
tages. In one case, each had double windows and doors, 
and an air-stove with a small boiler for moisture, and 
was ventilated independently of the other. The rooms 
kept at a high temperature night and day, were so 
easily regulated that the temperature never fell in five 
months below 67°, and that only for two hours: 
making one room a reservoir of heat for the other 
■tiras found particularly convenient in the cold weather, 
when there was occasionally a frequent opening of 
the doors. The ventilation was by an opening near 
the ceiling into the chimney : a moveable pane placed 
in the outer window was never used. 

When either of the rooms was not occupied by the 
invalid, the air was invariably raised several degrees 
above the regulated temperature, and deprived of its 
moisture, and the ventilation made ample. 
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Over the fixed sofa cover it was found indispen- 
sable to have a moveable thick cotton one, with a se- 
cond to replace it. The curtains were hung so that 
their folds should retain no dust ; and a double set of 
them was provided. A carpet covered the whole floor 
in the sitting-room^ and was chosen thin and light for 
the convenience of being easily removed; and there 
was a second of the same description. 

Every precaution was taken not to raise dust. The 
ashes from the fire fell into a pan of water^ and all 
sweeping and dusting was avoided. Nothing was 
done in the morning in the sitting-room, except reple- 
nishing the stove with coke. The carpet was taken up 
every night when the invalid retired to rest, and the 
other carpet laid down. The curtains were taken down 
once a week at the same time, and the fresh ones put 
up. The sofa cover was changed three times a week. 
The floor of the sitting-room was washed or sponged 
at first twice a week with hot water, before the clean 
carpet was laid down ; latterly this operation was re- 
peated every night; — nothing gave the sensation 
of freshness so much as the change of carpet and 
sofa cover : and on those mornings when carpet, sofa 
cover, and curtains were all changed at once, and the 
room at 74^ and the dew point about &I°y it was felt 
by the invalid as if 

'* The air of Paradise did fan the house. 
And angels ofliced all.'^ 

The bed-room was managed in the same way; 
with the exception of the floor's being sponged 
twice a week only, and in the morning. The sheets, 
blankets, and pillows were always removed during 
the day, and exposed to a current of warm dry 
air in a drying-closet : no indication of dampness 
or rotting ever was observed on any thing in the 
apartment. 
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Mrs. Finch foundHer bedding rotted, which was very 
likely owing to the fdmitore, being under the tempo* 
rature of the air, and then there was a deposition of 
moisture. This in all cases may be avoided. Widi 
ordinary attention the walls of the room will be rather 
above than below the temperature of the air ; in which 
case the hangings, bedding, and other fumitare will be 
dry. Woollen curtains are preferable to cotton, and a 
hair mattress to a feather bed. In a room warmed 
from 70° to 75°, bed-curtains will be found a great 
incumbrance : and heavy clothing, one of the many 
miseries of the invalid, will not be required. 

To the poor these accommodations are unattainable; 
a single room, which must often serve for sitting and 
bed-room, is the most that can be afforded,--<andles8 
expensive methods than double windows, double 
doors, and air-stoves, must be resorted to, to adapt it 
to their means and their wants. 

In every case, however, a Dutch or German stove 
is essential: it is easily managed, very effective, cheap, 
quickly set up, and may be used to perform most 
culinary and domestic processes. 

The common sort of wrought iron plate»stove is 
usually made with feet, to raise it from 6 to 9 inches 
above the hearth, but the feet should be taken away, 
and the stove set on the plate that serves for the hot* 
tom of the ashrpit. A stove> 9 inches on the side and 
18 or 20 inches high with a fireplace 6 inches square 
and as many deep, would be sufficient for a room 
15 by 12 feet, and 9 iee|6mches from floor to ceiling 
with a common^sized window. The front of the ire« 
place is closed with a fireboard, in which is a hole to 
admit the smoke-pipe. 

Wherever a stove is used in a closed room, great 
care is necessary to make and keep the fireboard, and 
the opening for the stove-pipe, air-tight with regard 
to the room ; especially where the stove is small, airi 
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the flue wide. Where it can be done^ the opening of 
the pot on the chinmey-shaft should be reduced to 
the size of the smoke-pipe: without this precau-*^ 
tion, when the fire in the stove gets low^ the car- 
bonic vapour in the flue has its temperature so much 
reduced by the descending air that it finds its 
way. through the crevices into the room. Much of 
the stifling feeling experienced from stoves arises from 
this cause. 

To prevent the entrance of the cold air^ and escape 
of the warm^ slips of paper are to be pasted over the 
edges of the window sashes and the window frame : 
and over all chinks in other parts at which air caa 
enter. This^ in town, will also exclude much dust as 
well as sowtd^ which is as distressing to the sick as thie 
otibuer. 

As a substitute for the second window, thin sheete 
of writing-paper are pasted together and stretched 
on a frame, which is fitted into, the window ajt a 
few inches distance from the glass, and the paper 
coated with oil or varnish; tbis screen effectually 
es^cludes the air of the room from contact with ths 
glass, and intercepts very little light Or a piece of 
thin muslin is stretched on a frame and rubbed over 
with oil or varnish, which also ^ectually excludes 
the aii: from contact with the window. 

These precautions have reference chiefly to what is 
necessary in the daytime. At night, when the shut- 
ters are closed and the usual curtains drawn, there will 
be little difliculty in preserving a high uniform tem- 
perature in the rooov 

The door will require as much, even more, atten* 
tion here than in the previous examples, as it may be 
oftener opened and by less carefol attendants. A 
double door will seldom be had. A curtain-porch» 
made with thick calico, may be placed on either sid^ 
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of the door^ — the inside is the best, — and the door 
re -hinged if needful to open to the passage, and the 
curtain drawn up by a string going through a loop, 
as described in a previous page. 

The supply of air for the ventilation will mostly 
have to be taken from the windows or passage ; by 
opening a hole in the floor, a communication can 
often be established between the joists and the external 
air. A ventilating-pipe, 3 or 4 inches in diameter, 
may either be raised from the ash-pit nearly to the 
ceiUng and connected to a short pipe going through 
the furnace into the smoke-pipe, as before described ; 
or the effete air may flow out into the chimney, 
through a perforation made in the chimney-breast or 
at an aperture made in one of the upper panes of the 
window : many ways will occur of doing this, — but 
one point with all of them must be considered es- 
sential. The air that is to spread through the room 
should always at its admission be made to impinge on 
one or more sides of the stove. Perkins' method 
(p. 232) may be imitated with advantage, when a 
common iron plate Dutch stove is the heat-generator. 
A cheap tube, for conducting the cold or effete air from 
one part to another, may be quickly made by pasting 
thick brown paper or canvass on laths to preserve 
its shape, or the coarsest sort of pasteboard may be 
used without laths to form a pipe. 

By carefully pasting over air-crevices in windows 
and walls, placing a varnished paper or musUn screen 
before the glass, forming a curtain-porch to prevent 
the entrance of cold air on opening the door, and 
bringing in warm fresh air to supply what is re- 
quired for ventilation, and impregnating it with 
vapour from a teakettle or pan set on the stove : a 
room that is capable of maintaining a high uniform 
temperature may be formed in the way described, at 
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the cost of a sovereign. Poor invalids, who are told 
by their physician that removal to a warmer country 
would mitigate their pulmonary disease, in this room 
may, with a Httle care, procure all the ease that could 
be enjoyed without locomotion from the bland air 
of southern countries, and infinitely less subject to 
fluctuation than the most favoured climate in the 
world. And when their countrymen with more ample 
means, who seek soft medicinal air in the genial nooks 
of Italy or the south of France, are shrinking in spring 
from the clear sky, the dazzling heatless sun accom^ 
panied with black frost, or the mistral and clouds 
of dust, the poor invahds sitting in England beside 
their Dutch stoves will not only find 

"The unhealthful East 
That breathes the spleen, and searches every bone 
Of the infirm, is wholesome air to them,' 
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after flowing through their air-tubes and mingling 
with the balsamic exhalation from the kettle, but 
that the maintenance of this climate will not cost 
them one-third of the sum they formerly expended 
to warm the same apartments by means that only pro- 
duced discomfort or engendered disease. 

Sick room. In the case of illness generally there 
is not perhaps a circumstance that a physician would 
consider of more aid to his remedies than a certain 
temperature and ventilation in the sick room. No 
forethought is shown in any house to have one bed- 
room at least fitted up so that at a moment's notice 
any required climate could be produced ; and main- 
tained night and day without inconvenience : yet 
there are few families in which an apartment of 
this description is not required many times in the 
year. Winter cough is much aggravated by a cold 
bed-room, and requires a temperature of 60% which 
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i8 not to be had at night in England more than 
18 times in the year. The croup, according to 
Dr. Thomson, requires a temperature of 60**; hoop- 
ing-cough, measles, and chicken-pox also 60^ 
Small pox and scarlet fever 60% with copious 
ventilation every moment, to prevent tKeir infec- 
tion as well as to mitigate their symptoms; and 
perhaps a few degrees warmer, to prevent the patient 
being loaded with bed-clothes since no draughts 
would have to be guarded against. In gout, also, a 
soft imiform climate is most wished for ; and to get 
rid of a cold, it would be pleasanter to endure confine- 
ment for a day or two in a room at 75"* or 80**, than 
be obliged to lie in bed that time and eat water-grueL 
The progress of fever and of a host of contagious 
diseases would be easier controlled and arrested 
in a room into which there was a constant flow of 
pure mild air regulated by the nature of the ail- 
ment, than in one subject to all the fluctuations of a 
variable climate, aggravated by the common method 
of " airing*' and heating it. If there be any place 
more than another where an open fireplace is objec- 
tionable it is in a sick room. 

A dependence on the mean averages of climate must 
always be very delusive to the sick. It is the sudden 
changes, and their duration within certain limits, that 
seem pernicious in many diseases. To the con- 
sumptive, for example, a fall of the thermometer 
from 80^ to 67° would occasion comparatively little 
uneasiness, while a fall from 67"^ to 54'* for a few 
days would not only aggravate their symptoms, but 
decide the crisis. The variations of temperature, if 
estimated by the total range of the thermometer in 24 
hours, is greatest in sununer. About London the 
variation of successive days at the same hour in the 
morning is greatest in the winter ; in the afternoon, 
in smnmer. 
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The following table, shows the monthly average 
difference of temperature between dayand night in the 
vicinity of London, during 1842, which year was re- 
markable for its general warmth; the whole month of 
December averaged4° warmer nightly, and4*5° warmer 
in the shade daily, than the same month inthepreceding 
season. It will be seen that the average of Avgust, the 
warmest month, is 10° below the temperature con- 
sidered by Dr. Beddoes and others to be necessary for 
those atfected with puhnonic disease ; and according 
to the second table, one night during the same mondi 
it fell 20° under the limit : from aU which it is evident 
that about London an artificial warm climate is re- 
quired for the consumptive during night, throughout 
the year, — and in most other diseases, where the sick 
room requires a temperature of 60°. 





mght. 


Shade. 


Sun. 


January • 


• 30*2 


35*9 


40*8 


February 


. . 367 


45-r 


63-7 


March 


. 40-2 


511 


61*3 


April 


. . 40-0 


64*8 


77*3 


May % 


. 47-8 


62*7 


81*7 


June 


. . 66-6 


730 


99-5 


July • » 


. 66-9 


717 


93*3 


August . • 


. . 60-2 


74-9 


100*5 


September . 


. 53-0 


63*6 


82*1 


October 


• . 39-5 


50*5 


61*5 


November . 


. 40-2 


47*4 


63-4 


December • 


• . 40*9 


48-8 


54*4 



The highest and lowest temperature each month is 
given in the next table. 
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Lo«r> 
est at 
Night 






High, 
est in 
Shade 






High- 
est in 
Son. 


Jan. 24 


o 

25 


Jan. 


31 


o 

45 


Jan. 


27 


o 

56 


Feb. 19 


30 


Feb. 


11 


52 


Feb. 


19 


63 


Mar. 7, 24 


32 


Mar. 


29 


58 


Mar. 


12 


76 


April 6 
May 10 
June 5 


32 
40 
51 


April 

May 

June 


24 
30 
12 


72 

71 

83 


April 

May 

June 


30 

2 

12 


103 
100 
121 


July 30 
August 31 
Sept. 20 
Oct. 21 


50 
60 

47 
29 


July 
Aug. 
Sept. 
Oct. 


18 

19 

2 

9 


76 

87 

73 
59 


July 
Aug. 
Sept. 
Oct. 


15 

15 

2 

2 


108 
119 
109 

84 


Nov. 17 


34 


Nov. 


10 


54 


Nov. 


1 


68 


Dec. 28 


31 


Dec. 


13 


56 


Dec. 


14 


72 



On an average of six years, there are about 80 
nights' frost near London : the first frost is about the 
15th of October, and the last about the 5th of. May. 

Medical writers on consumption have given much 
information concerning the temperature of different 
places resorted to by invalids, which has been col- 
lected and given by Sir James Clarke, in his inter- 
esting popular treatise on the Sanative Influence of 
Climate. 
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ESSAY XVII. 

Not the least remarkable example of the power of 
habit^ is its reconciling us to practices which, but for 
its influence, would be considered noxious and dis- 
gusting. We instinctively shun approach to the dirty, 
the squalid, and the diseased, nor use a garment that 
may have been worn by another ; we open sewers for 
matters that offend the sight and smell, and conta- 
minate the air ; we carefuUy remove impurities from 
what we eat and drink, filter turbid water, and fas- 
tidiously avoid drinking from a cup that may have 
been pressed to the lips of a friend. On the other 
hand, we resort to places of assembly, and draw into 
our mouths air loaded with effluvia from the lungs and 
skin and clothing of every individual in the promis- 
cuous crowd; — exhalations offensive to a certain 
extent from the most healthy individuals, but when 
rising from a living mass of skin and lung in all 
stages of evaporation, disease and putridity, and pre- 
vented by the walls and ceiling from escaping, they 
are when thus concentrated in the highest degree de- 
leterious and loathsome. 

This poisonous exhalation is one of the effects of the 
consumption of 14 ounces of charcoal that Dr.Liebig 
says is burned daily within the body. The share of 
impurity contributed by each living furnace has been 
variously estimated. From experiments with men of 
different stature. Dr. Menzies found that from 14 to 
18 respirations were made in a minute; and others 

VOL. II. Y 
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have found them vary from 13 to 22; — the average 
generally assumed is 20 respirations in a minute. 
The quantity of air drawn into the lungs at each in- 
spiration varied from 40*7 to 46*7 cubic inches ; and 
under all the circumstances^ Menzies considered 720 
cubic inches abqut the average quantity of air inhaled 
by a healthy man in a minute. A woman may inspire, 
on an average, about 500 cubic inches ; a mean inspi- 
ration from a healthy pair of the species will not, 
probably, exceed 612 cubic inches in a minute. 

The quantity, however, varies not only in the sexes 
but in the same individuals placed in different cir- 
cumstances with regard to rest and motion to health 
and illness. During great exertion it wiU exceed 
the average, during rest, and in delicate and ailing 
persons it will fall under it; so that if 600 cubic 
inches be reckoned as expired in a minute by each 
individual in a mixed company, it will be a fair 
average allowance.* 

The fresh air before it is taken into the lungs is 
composed of 23*2 per cent of oxygen, 75*5 of nitrogen, 
and about 1^ per cent, of carbonic acid, and a variable 
quantity of vapour of water. After it has been ex- 
pired from the lungs, in which it remains from 10 to 
12 seconds, it contains a larger quantity of vapour^ 
the same quantity of nitrogen, from 11 to 12 per cent, 
only of oxygen, and between 8 and 9 per cent, of car- 
bonic acid ; so that nearly a half of the oxygen or vital 
element of the air has been changed into carbonic acid. 
If atmospheric air contains 3'5 per cent.only of this gas, 
it is unfit to support animal life. Air, therefore, which 
has been expired from the lungs contains 2*4 times 
this quantity : so that a person who inhales 600 cubic 
inches a minute, renders 1,440 cubic inches unfit to 
be breathed again. 

* Dinertatioa on Respiration, p. 50. Trans, by Sugroe. 
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The amount of exhalation from the skin also varies 
in different individuals, and from the same person at 
different times — a hand emitted ^ grain in a minute, 
at another trial ^ grain, and in a third experiment it 
exhaled $ of a grain of vapour in a minute ; which is 
12, 30, or 45 grains a minute for the whole body.* 
If one of each sex be taken, the mean will be about 23 
grains each in a minute. The skin surface of a man 
being about 15 square feet, 1*5 grains of vapour will 
be exhaled in a minute from each superficial foot of 
his body, or 3 grains from each cubic foot of his mass. 
Besides water, carbonic acid, acetic acid, phosphoric 
acid, muriate of soda, and a peculiar odorous mat- 
ter are contained in the vapour emitted from the 
surface. 

This copious cuticular discharge is seldom percep- 
tible to the eye, although it is to the nose. Boerhaave 
made it apparent in the warm weather by immersing 
his hand in air cooled by ice, which then seemed, to 
smoke like a boihng kettle ; and he amused himself 
with the notion, that if winter's cold was produced in 
the midst of a crowded summer assembly, each indi- 
vidual seething in his own steam would appear like a 
heathen deity wrapped in his peculiar and appro- 
priate cloud. 

The emanation from lungs and skin is carried from 
the body by diluting it with atmospheric air, which at 
a certain temperature can hold in suspension a certain 
quantity of vapour, the amount of which is shown in 
the following table ; the first column gives the tem- 
perature of the air, and the second column the num- 
ber of grains of water a cubic foot of it will contain, 
in the form of vapour at that temperature : — 

* Cruikshanks. On Insensible Perspiration, p. 72. 
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Temperature. 


Grs. of water in 
a cubic foot of air. 


Temperature. 


Grs. of water in 
a cubic foot of air. 


o 

32 


2-53 


o 

40 


3-23 


33 


2-63 


41 


3-37 


34 


2-71 


42 


3-50 


35 


2-80 


43 


3-63 


36 


2-89 


44 


376 


37 


2-97 


45 


3-89 


38 


3-06 


46 


4-02 


39 


3-15 


47 


4-15 


48 


4-27 


70 


8-39 


49 


4-40 


71 


8-65 


50 


4-53 


72 


8-92 


51 


4*68 


73 


9-19 


52 


4-83 


74 


9-48 


53 


5-03 


75 


9*78 


54 


5-17 


76 


1010 


55 


5-34 


77 


10-38 


•56 


5-51 


78 


10-69 


57 


5-67 


79 


iroi 


58 


5-86 


80 


11-33 


59 


6*04 


81 


11-66 


60 


6-22 


82 


12-05 


61 


6-39 


83 


12-35 


62 


6-57 


84 


12-71 


63 


6-79 


85 


13-08 


64 


7*01 


86 


13-45 


65 


7*23 


87 


13-87 


66 


7*44 


88 


14-23 


67 


7-66 


89 


14-61 


68 


7-89 


90 


15-00* 


69 


8-13 







According to the table a cubic foot of air at the 
freezing point can retain 2-53 grains of water only; 
if therefore it contain 1 grain only, then each cubic foot 

* Daniel. Meteorological Essays, p. 158. 
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will absorb or carry off 1*53 grains of vapour from 
a moist surface which may be the insensible perspira- 
tion from the surface of the body. If this air be heated 
to 60°, a cubic foot of it will carry off 5*22 grains of 
moistiu'e from the skin ; for it is seen from the table 
that air at 60° can suspend 6*22 grains of water. To 
carry off 23 grains of insensible perspiration per minute 
will therefore require about 15 cubic feet of the colder 
air, and about 4*4 cubic feet of the warmer air. If less 
than this be supplied, the moisture will accumulate on 
the skin, and the air of the room become saturated 
with vapour. 

If the average temperature of the room be taken at 
64° with the dew point about 50° or with 4*53 grains of 
water in each cubic foot, then about 9*25 cubic feet of 
air will be required per minute for the insensible per- 
spiration, and in addition 1 cubic foot nearly for the 
excess of moisture from the lungs not carried off by 
1,440 cubic inches allowed for the dilution of the car- 
bonic acid gas; so that about 10'25 cubic feet of pure 
air a minute must be allowed to ventilate each person. 

But if a greater proportion of moisture is added 
artificially to the air, this quantity must be encreased. 
In every case ventilation should be regulated with 
reference to the hygrometric condition of the warmed 
air. 

Dr. Reid states, that he never gave less than 30 
cubic feet of air a minute to each member of the 
House of Commons when the room was crowded, 
and on one occasion he introduced for weeks succes- 
sively 60 cubic feet a minute to each member, and 
that to give the necessary moisture, 5,000 square feet 
of moist evaporating surface was exposed to the air;* 
and subsequently, as stated in a previous Essay, the 
air was made to flow through jets of water; and this 

* Report! of the British Association, vol. Tii. p. 132. 
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saturation probably it was that rendered this quantity 
of ventilation necessary and pleasant. 

In whatever way the air of a room is heated, it is 
cooled by coming in contact with the glass of the 
windows, by the walls, ceiling and floor absorbing 
the heat, and by cold air entering at doors and 
windows, and the crevices round them, and some- 
times by the chimney when it is left open. 

Each square foot of glass in a window will cool 
about 1 cubic foot of air as many degrees per minute 
as the temperature of the room exceeds the tempera- 
ture of the external air. If a window has 5 square 
feet of glass, and the temperature out of doors be 
32** and the room 60*, then 5 cubic feet of air will be 
cooled 28° in a minute. Of the quantity of cold air 
admitted at the crevices roimd the window-sashes and 
round the door, no definite estimate can be given : 
it depends on the position of the window above the 
floor, on its fitting, on the diflPerence of temperature 
between the room and the air outside on the force of 
the wind, and other causes. If three times the width 
of the sash added to twice its height be multiphed by 
•3 it will give about the number of cubic feet of air 
cooled from this cause. The crevices round the sashes 
of a window 4 feet wide and 8 feet high, will cool 
about 8*5 cubic feet in a minute. 

Twice the width added to the height of a door mul- 
tiphed by '26, will give the cubic feet of air cooled per 
minute for that opening when well made : a door 3 
feet wide and 7 feet high will cool about 5*2 feet in a 
minute. 

The absorption and radiation of heat from every 200 
square feet of the wall, ceiling, and floor, may be taken 
on an average as equal to cooling 1 cubic foot of air 
per minute as many degrees as the internal is wanner 
than the external air. 
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When wax or tallow lights are burned, about '25 
cubic foot a minute must be allowed for each. 

With the air at 64° and dew point at 50°, every in- 
habited apartment must therefore have the following 
allowance of heated air per minute : — 

Cubic feet. 
For the supply to the lungs . *83 

To carry off insensible perspiration 10*2 
For each common sized candle . '25 

Square foot of glass in window . 1*0 

Each window, for chink winds . 8'5 

Each door about ditto . . 5*2 

Each 200 square feet of wall, ceiling, 
floor, exclusive of windows 1' 

Suppose a room 30 feet long, 20 feet wide, and 16 
feet high, with 3 windows 8 feet by 4 feet, and 2 
doors 3 feet by 7 feet, and containing 20 persons ; 

Cubic feet. 

20 persons will require for lungs and skin 16 

3 windows, 96 square feet of glass . 9G 

for crevice winds . . . 25*5 

2 doors for ditto . . . . 10*4 

2,800 square feet, wall, ceiling, floor . 14 

161*9, 
or heat equivalent to raising 161*9 cubic feet of air 
per minute. To this must be added ^ cubic foot per 
minute for each light : should the air contain more 
than 4*53 grains of vapour, the quantity for ventilation 
must be increased. If, for example, the air at 64° held 
six grains of water in suspension, then 23*2 cubic feet 
must be allowed to carry off the personal exhalations^ 
instead of 16 feet. 

In fixing the quantity of heating-surface to produce 
this effect, some points have to be considered. The 
unnd, for instance, greatly accelerates the cooling of 
the walls and windows in any state of the air ; the air 
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being moister at one period than another, much in- 
creases its power to carry off heat, and there are great 
changes of temperature. So that if a steam pipe or a 
hot surface was sufficient to heat a certain sized build- 
ing, when the air was at the freezing point, and cahn 
and dry, it would be inadequate to heat the same 
building when the air was at the same temperature 
but windy, or when it was moister, or when it fell 
below the freezing point. 

As the hot water, steam, or hot air apparatus can- 
not be enlarged, nor its temperature raised beyond a 
certain point, and as it must be proportioned to meet 
the greatest degree of cold that is likely to happen, 
in practice, the usual way to make an allowance for 
these contingencies is to calculate the quantity of sur- 
face that would be required to heat the building, if the 
outside air were at the lowest degree to which it had 
ever fallen in the place where the apparatus is erected. 

Mr. Howard says, that a night on which Fahren- 
heit's thermometer remains for some hours below zero 
is a rare occurrence in this climate, and probably not 
above five of them fall in a century;* and therefore the 
apparatus, whatever be its form, may be proportioned 
to produce a given effect at this low temperature. The 
opposite limit may be taken from the table given in 
the preceding Essay (p. 311). The greatest differ- 
ences of temperature are during night ; but it is more * 
difficult to keep an inhabited room warm in the day- 

* The Frost of 1794-1795 lasted 44 days, one whole day's remission 
excepted, immediately before which the thermometer fell to 2P below 
zero. 1796-1797 temperature fell to 6*5, and continued below sero 
for several hours. Lowest temperature of air, 9th Feb. 1816, was 5** 
below zero. At eight o'clock in the morning the temperature began 
to rise, at noon 25° was pleasant by contrast to the feeling; and it 
was easy to keep warm by walking without an upper coat. Even at 
sero, however, the first impression of the air on the skin was not 
disagreeable, the dryness and stillness greatly tending to prevent 
that sudden abstraction of heat which is felt in moist and quick 
flowing air.— Climate of London, vol. ii. p. 290. 
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time than at night, from the heat lost by the glass and 
air-crevices in windows being saved mostly after sun- 
set, by the use of shutters and curtains. 

In estimating the quantity of steam, or hot water- 
pipe that should be placed in the room described, to 
allow l6l*9 feet to be heated in a minute ; the state- 
ment would be thus : external air at zero, temperature 
of room 64°, pipe-surface 200© ; then by rule (p. 279)» 
125x64^136xl57'4+222=41-l feet of 4-inch pipe 
would be required. 

If the cubic content of the room, 9,600 feet, be di- 
vided by 209, — the number opposite a similar room in 
the table (at p. 258), — the quantity of surface will be 
found 45 square feet nearly; so that, if in the estimate 
of sur for ventilation, any allowance had been made 
for the lights, the two methods would have almost coin- 
cided. The number from the table is, however, the 
one most to be depended on. 

The quantity of air to be heated being determined, 
the size of the aperture for the egress of the vitiated 
air may be found in the following way : — When air 
at 32° is heated to 680°, it is increased in size 
as under :-^ 

Temperature. Bulk. 



o 

32 




1-000 


212 




1-3760 


302 




1-5576 


392 




1*7389 


482 




1-9189 


572 




2-0976 


680 




2-3125* 


_*•!-_/• 


• •»! •»• 


• «•« J 



between the freezingand boiling points it expands ^^th 
part of its bulk for each degree it is heated. If, 
therefore, the square root of the difference expressed 
in feet between the linear expansion of a column of 

* Annali of Phil. vol. xlii. p. 116. 
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air at 32^ and a column with the same base, when 
heated, be multiplied by 4, and the product mul- 
tiphed by 2, and that product by '7, the result will 
give the velocity nearly in feet with which the heated 
air will flow through an opening into the colder air.* 
In a room 16 feet between the floor and ceiling, 
when its temperature is 64°, and the air outside is 
32°, the warm air will flow through an aperture in the 
ceiling with a velocity of 7*8 feet in a second; if the 
number of cubic feet of air required for ventilation 
in a second be divided by the velocity thus found, it 
will give the area in square feet of the aperture re- 
quired. In the above example, as 161*9 cubic feet is 
to be removed in a minute, the ventilator will require 
to have an area of about 43*2 square inches. This also 

* The yeloclties of ascending currents of air, as determined from 
calculation, exhibit extraordinary variatlcms. In the flame room and 
ftamace the velocity per second of heated air through a ventilatory 
and the draught of a furnace, i« given by various writers, as under :-* 

Ventilation Draught of furnace 
per sec per sec. 

Montgolfier • 

Sylvester. Bees* Cyclo. 



8-32 


18*91 


078 


1*94 


7-88 


225-67 


1-61 


778 


4-80 


9-51t 



GUbert. 

Sylvester. Ann. Phil. . 

Tredgold 

If we w«re to Judge from the practical results which have 
hitherto been obtained from the enquiry, it would appear that all 
calculations on the subject are nugatory.— Theory and Practice of 
Wanning Buildings, p. 172. 

The difference between the theoretical and actual velocity of idr 

rising through the chimney, 45 feet high, of a stove, is thus exhi- 
bited by Dr. Ure :— 

By theory. Experimental. ^^^^: 

Feet. Feet. o 

26-4 5*0 190 

29-4 576 214 

84*5 6-3 270 

la none of the ocperlments did the velocity exceed 12 ftet per 
second when the difference of temperature was more than 410°. — 
Arch. Mag. iv. p. 168. 



323 

may be the size of the opening to admit the cold air ; 
but in practice it is made considerably larger, to 
diminish the velocity of the air at entering the room. ^^ 

The size of the ventilator will depend on whether ^ -^ 
the heating- surfaces are placed in the area heated, or J \^[' 
the warmed air flows into the room. If the heating- 
surfaces are placed in the room, that quantity only of 
air necessary to carry off the expired and exhaled 
gaseous matters will have to be removed ; which, in 
the case above, is 16 cubic feet a minute for each per- 
son ; but if warm air is introduced, then the venti- 
lator must carry off in the same time 161*9 cubic feet 
lessened by the allowance of 16 cubic feet for respira^ 
tion, when the quantity admitted for other losses of 
heat exceeds that quantity. It is also obvious, the 
ventilator should have the dimension that will allow 
passage for the necessary quantity of air for venti- 
lation when it is nearly saturated. 

FuBL. — "One may observe," says Fuller, in 1661, 
" a threefold difference in our English coal. Sea-coal 
brought from Newcastle, land-coal at Mendip and Bed- 
worth, and parted into other counties, and what we may 
call river or fresh- water coal digged out in Shropshire 
at such a distance from Seveme that they are easily 
parted by boat into other shires. I am sorry to hear 
that those black Indies, both in quantity and quality, 
fell short of their former fruitfulness, and I wish they 
may recover their lost credit. Oh ! if this coal could 
be so charcked as to make iron melt out of the stone, 
as it maketh it in the smithies forge to be wrought 
into bars; — ^but Rome was not built in one day, and a 
new world of experiment is left to the discovery of 
posterity."* 

Since Fuller's time the world of experiment has 
been busily explored. Coals now are charked, and 

* Worthiea, yol. ii. p. 97. 
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melt iron-stone, and are preferred to wood for 
domestic purposes ; and instead of 200,000 chaldrons 
being imported into London, (which was the amount 
in his time,) last year 9,691 ships brought into 
the port of London upwards of 2,764,719 tons, and 
without a fear of either the quantity or quahty of the 
" black Indies," now called " black diamonds," falling 
off for many centuries. Mr. Taylor, an experienced 
coal-viewer, calculates the annual quantity of coals 
raised at 1 5^ milhons of tons, and says the mines of 
Durham and Northumberland will supply this de- 
mand for 1,700 years to come. In addition. Dr. 
Buckland considers the mines in South Wales alone 
enough for 2,000 years' consumption;* and when 
these are worked out, other extensive mines may 
be opened in different parts of England and in 
Scotland. 

According to Mr. M'CuUoch, there are upwards of 
seventy varieties of coal brought to London, forty-five 
of which are sent from Newcastle ; but many of them 
differ by almost imperceptible degrees, and can only 
be distinguished by those thoroughly conversant in 
the trade. Dr. Thomson arranges them in four divi- 
sions : — Caking Coal, or " Newcastle coal," is 
found in Northumberland, Durham, in Cumberland^ 
at Whitehaven, at Wigan, in some parts of Derby- 
shire, at Swansea and Leitrim, and at Glasgow and 
other places in Scotland, and contains a large pro- 
portion of bitumen. Splint coal, or stone coal, found 
near Glasgow, in Ayreshire, and in some places in 
England; it contains httle bitumen, much earthy 
matter and ashes. Cherry coal is got from the upper 
beds of the Glasgow coal-fields, in Fifeshire, near 
Edinburgh, and in Staffordshire. Cannel coal, called 
in Scotland Parrot coal, is foimd in comparatively 

* Ency. Brit. vol. vil. p. 8. 
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small quantities. These different kinds are sometimes 
all met with in the same mine ; and there are many 
varieties^ partaking of the nature of all three. 

Analysis resolves coal into several substances, all 
of which are gasses, except carbon, which is the 
principal ingredient in every variety. Their chemical 
composition is thus stated by Dr. Thomson * : — 





Carbon. 


Hydrogen 


Nitrogen. 


Oxygen. 


Splint coal . . 


75-00 


6-25 


6-25 


12-50 


Caking coal . . 


75-28 


4-18 


15-96 


4-58 


Cherry coal . . 


74-45 


12-40 


10-22 


2-93 


Cannel coal . . 


64-72 


21-56 


13-72 


— 



The following table, by Mr. Mushet, shows the 
amount of charcoal ashes and volatile products pro- 
curable from equal weights of different kinds of 
wood and coal made thoroughly dry : — 



Woods. 


Volatile prod. 


Charcoal. 


Ashes. 


Lignum vitae 


27*643 


26-857 


0-500 


Mahogany . . 


73-528 


25-492 


0*980 


Laburnum . . 


74-234 


24-586 


1-180 


Chestnut . . 


76-304 


23-280 


0-416 


Oak .... 


76-895 


22-682 


0-428 


American Black 1 
Beech . . J 


77*512 


21-445 


1-033 


Walnut . . . 


78-521 


20-663 


0-816 


HoUy . . . 


78-920 


19*918 


1-162 


Beech . . . 


79-014 


19*941 


0-955 


Sycamore . . 


79*200 


19*734 


1-066 


Elm .... 


79-655 


19*574 


0-761 


Norway Pine 


80*441 


19*204 


0-356 


Sallow . . . 


80-371 


18-497 


1-133 


Ash . . . « 


81-260 


17*972 


0-768 


Birch . . « . 


80*717 


17*491 


1*792 


Scotch Pine 


83-095 


16-456 


0-449 



• Ann 



of Philosophy, toI. xiii. p. 94. 



326 



Coal. 


Volatile 
product. 


Charcoal. 


Ashes. 


Sp. gray 


Kilkenny coal 


4-25 


92-87 


2-87 


1-60 


Welsh stone, do. 


8-00 


89*70 


2-30 


1-37 


Welsh furnace, do. 


8-50 


88-06 


3-43 


1-33 


Welsh slaty, do. 


9*10 


84-17 


672 


1-49 


Corgee coal, Irish 


910 


87*49 


3-49 


1-40 


Queen's County, 
do. 


10*30 


86-56 


314 


1-40 


Kilkenny slaty, do. 


13-00 


80-47 


6-52 


1'44 


Bonlavoneen, do. 


13-80 


82-96 


3-24 


1-43 


Stone Wood, 1 












Giant's Cause- 


N 


33-3/ 


54-69 


11-93 


1-15 


way . • . 












Butterly furnace 1 
coal . . .J 


42-83 


52-88 


4-29 


1-26 


Alfreton, do. 


45-50 


52-45 


2-04 


1-23 


Derbyshire cannel 


47*00 


48-36 


4-61 


1-28 


Scotch cannel . 56*57" 


39-43 


400 


— 



When the coals are carbonized in close vessels. Dr. 
Thomson found that in 1,000 lbs. of coal there were, in 

Percent, of 
earthy matter. 

Splint coal, 647 lbs. of coke, containing 9*5 
Cherry coal, 522 lbs. — 10- 

Caking coal, 774 lbs. — 1 -5* 

The heating effect of different kinds of wood is 
given by Count Rumford. The woods, with one ex- 
ception, were selected pieces, made quite dry by 
heating in a stove. The figures show the weight in 
pounds avoirdupois of each wood required to melt 
62i lbs. of ice : — 



Lime-tree . . • 

Ditto, highly dried 

Beech .... 

* Ann. of PhU. vol. ziU. p. 94. 



lbs. 
1-35 

1-18 

1-38 
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// 



1 


lbs. 


Elm .... 


1-64 


Ash . . . . 


1-53 


Maple, highly dried 


1-30 


Service-tree, highly dried 


1-31 


Cherry-tree 


1-40 


Fir ... . 


1-54 


Poplar .... 


1-35 


Homheam 


1-47 


Oak, with 19 per cent, water, com- 




bustion not perfect . 


1-78 


Oak, common fire-wood in chips . 


1-83 



In Mr. Kirwan's comparison of different kinds of 
fuel, the effect of coke js beneath the average. The 
same quantity of heat, according to his table, h&ng 
produced by — 



lbs. 

403 of coke 
600 pit-coal 
600 charcoal 
1,089 oak 



or by 



» 



a 



99 



Measures. 

17 of coke. 
10 pit coaL 
40 charcoal. 
33 oak.* 



M. Feclet's averages of effect from the same weight 
of each substance, are as imder. 



Charcoal . 




7300 


Bituminous coal 




6000 


Coke, giving 0'15 ashes . 




6500 


Good turf . 




3000 


Turf coke, '18 ashes 




6400 


Wood, quite dry . 




3500 


Wood, as it commonly occurs. 


with 




25 per cent, water 




2600 


Tallow ... 




7912 


White wax 




9990 1 



* Ramford. Essays, vol. 11. p. 134. 
t Donovan. Dom. Economy, p. 242. 
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Mr. Marcus Bull took great pains to determine the 
economical effect of many varieties of American fire- 
wood : some of his results are given in the tahle be- 
neath.* The first column notes the specific gravity of 
the wood when carefully freed from moisture by stove 
drying ; the second^ the weight of charcoal contained 
in 100 parts by weight of wood; the third column 
the specific gravity of ^ the charcoal ; and the fourth 
column the effect of the dry wood in heating a room, 
or the number of hours the same weight of each kind 
of wood that was consumed maintained the same 
room at a certain temperature. 



Wood. 


Sp. gy. of 
dry wood. 


Charcoal. 


Sp. gy. of 
charcoal. 


i 

H. M. 


White ash . . . 


•772 


25^74 


•547 


6 40 


Apple tree . . . 


•697 


25- 


•445 


6 40 


White beech . . 


•724 


19*62 


•518 


6 


White elm . . . 


•580 


24^85 


•357 


6 40 


Shell bark hickory 


1^000 


26-22 


•625 


6 40 


Welch hazel . . 


•784 


2r40 


•368 


6 10 


Americanhombeam 


•720 


19^ 


•455 


6 


Hard maple . . . 


•644 


21^43 


•431 


6 10 


White oak . . . 


•853 


21^62 


•401 


6 20 


Red oak .... 


•728 


22-43 


•400 


6 20 


Yellow pine, (soft) 


•551 


2375 


•333 


6 30 


Pitch pine . . . 


•426 


26-76 


•298 


6 40 


Lombardy poplar . 


•397 


25- 


•245 


6 40 


Wild service . . 


•887 


22-62 


•594 


6 20 


Sycamore . . . 


•535 


23-60 


•374 


6 30 


Black walnut . . 


•681 


22-56 


•418 


6 20 


Stove-dry ebony . 


1-090 


33-82 


•888 




Do., live oak . . 


•942 


32-^3 


•591 




Tortoise-shell wood 


1^212 


.30-31 


•866 




Turkey box . . 


•933 


27^24 


•622 





* Ezperimeota to determine the Comparatire value of Fuelf p. 66. 
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From this table, it is probable that equal weights of 
any kind of dry wood submitted to perfect combustion 
would produce nearly the same quantity of heat : a 
pound of pitch pine will be as effective in a stove as 
a pound of oak. 

Mr. Bull also determined the effect of some kinds 
of American and English coal, when burned in the 
same apparatus. An equal weight of each coal kept 
a room at the same temperature for the time in hours 
and minutes noted in the second column : — 



Lehigh coal 

Lacawaxen coal 

Rhode Island coal . . . ^ 

Schuylkill coal 

Susquehanna coal .... 

Swalara coal 

Worcester coal 

Karthans coal 

Richmond coal 

Stony Creek coal ... 

Cannel coal, English . . . 

Liverpool coal, do 

Newcastle coal, do. ... . 
Scotch coal 

Hickory charcoal 

Maple charcoal . ., . , . 

Oak charcoal 

Pine charcoal 

Coal 

Composition fuel — 2 parts Le- 
high coal, 1 part charcoal, 
and 1 part clay, by weight . 

VOL. n. z 



Specific 
gravity. 

1*494 
1-400 
1-438 
1-453 
1-373 

1-459 
2-104 
1-263 
1-246 
1-396 

1-240 
1-331 
1-204 
1-140 

•625 
-431 
•401 
-285 
•557 



H. M. 

13 10 
13 10 
9 20 
13 40 
13 10 

11 20 
7 60 
9 20 
9 20 
9 50 

10 30 
9 10 
9 20 
9 30 

15 
15 
15 
15 

12 50 



13 2 
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A fiimilat miifonnily of heating effiset it observed 
in English coal as in the woods. The same weight 
of Newcastle, liyerpool, and Scotch coal produces 
the same quantity of heat when properly consumed 
in the same stove. And the same weight of charcoal 
of any wood may also be considered to generate the 
same quantity of heat in a stove. 

The effect of the composition fuel seems however un- 
der-rated. As a fuel, it is described by Mr. Bull to be 
very clean and beautiful in its appearance; and its 
superior cleanliness to be in consequence of the ashes 
being retained by the clay ; and the balls were found 
to retain their shape after being deprived of their 
combustible matenals, and which presented duiing 
combustion uniform luminous faces. No difficulty 
was found in equaling or consuming the combustible 
material in the balls. 

The weight of moisture absorbed from the atmo- 
sphere by woods which had been previously made per- 
fectly dry was 10 per cent, in 48 different woods, by 
free exposure under cover, and 8 per cent, in the driest 
states of the atmosphere. Charcoal 8 per cent« 

The quantity of moisture absorbed by tiie woods 
individually was not found to diminish with their in- 
crease in density. Green woods in drying uniformly 
lost less in weight in proportion to their greater den- 
sity. Taken gteen, and made absolutely dry — 



Hickory wood lost 


. 37*5 per cent. 


White oak 


. 41- „ 


Soft maple • 


. 48- „ 



If the mean quantity of moisture in woods when green 
be taken at 42 per cent, in burning wet wood, it is 
obvious, in every lOOlbs. of fuel 42lbs of aqueous 
vapour must be expelled from the wood ; and as the 
capacity of water for absorbing heat is nearly as 4 to 1 
of air, and probably greater during its conversion into 
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vapour^ the loss of heat from this cause is very great 
in open fireplaces or in furnaces. 

The average weight of moisture in different woods 
which have heen weather- seasoned from 8 to 12 
months will be about 25 per cent. ; Itence the pro- 
priety of keeping wood under cover where practi- 
cable. 

It will be easy from the tables to select that species 
of friel most suitable to the apparatus in which it is 
to be burnt. In all kinds of stoves^ for instance, 
where the smoke is conducted through horizontal 
pipes^ or pipes with elbows, or long flues, charcoal or 
coke will in general be found the most desirable fuel. 
The accumulation of soot in the smoke-passages will 
be very trifling, and the surfaces being thus kept clean 
the heating effect will be considerably greater. The 
next best fuel for stoves is those varieties of coal in 
which the volatile products bear a small proportion 
to the charcoal product. 

Some of the Irish and Welsh coal are nearly as 
good as charcoal for a stove; but they are more 
difficult to manage, and require, like coke, to be used 
in small pieces when the fuel-chamber of the stove is 
small. Wood is generally burned in stoves abroad; 
it is scarce, and on that account better managed than 
with us ; but it soon clogs the smoke-passages* 

Damp wood does not appear to be so uneconomical 
when used in a stove with long smoke-pipes, or with 
flues, as when burned to evaporate water, or in an open 
fire ; for the vapour raised from the water is condensed 
in the pipe or flue, and a portion of its heat is by that 
means made productive. In Sweden, birch is reckoned 
the best fire-wood, from burning without throwing 
out sparks. Beech wood fuel was in former times 
reckoned the best in England. 

In rooms heated by any kind of stoves, great at- 
tention should be paid to make the chimney flue into 
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which the pipe of the stove is inserted air-tight with 
regard to the room, except through the stove^ and to 
diminish the diameter of the chimney-pot to the area 
of the pipe of the stove. In upper stories and garrets^ 
it is a good pkn^ where the flue is wide and straight, 
to carry up the stove-pipe through the flue, and 
terminate it at the chimney-pot, and make the space 
round it air-proof to the room as well as to the at- 
mosphere. By this means, a higher temperature is 
preserved in the ascending heavy carbonic vapour, 
and when coke or charcoal is burned, there is 
less danger of its being cooled and descending 
through the stove into the room; which happens 
sometimes where the flue is wide, when the fire in 
the stove is extinguished. A roofed cowl, or one 
with some contrivance to prevent the drifting of rain 
into the pot, is also necessary, especially when con- 
tracted to a small area. 

If this smoke pipe were carried from a bed-room 
over a drawing-room for instance, that it was wished 
to ventilate, a pipe from the room introduced into 
the space between the flue and the pipe, and a com- 
munication opened at the top to the atmosphere, 
the efiete air would be drawn in a steady current, 
from the drawing-room, and emitted at the chim- 
ney-top. In this way a powerful and convenient 
ventilator might be formed in every stack of chim- 
neys to every room connected with it. 

It has been noticed in describing many of the con- 
trivances for heating, that they were more or less 
valued as cures for smokey chimneys, which, in 
ancient houses, were almost sdways occasioned by the 
faulty construction of the hearth recess — the mantel 
was too high from the hearth, or the chimney leading 
from it was too wide, faults also found in the greater 
number of modem houses ; the certain remedy is to 
reduce the opening of the fireplace in all its dimen- 
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sions, and particularly in the height of the mantel^ 
according to the rules given hy Count Rumford, de- 
scrihed at page 121. 

Where the rooms are very small, chimneys often 
smoke, even when heated by a grate on the best com- 
mon construction. If the smoke comes into the room 
when the doors and windows are closed, and flows 
freely when they are opened, then the descent of the 
smoke is caused by a want of air to supply the cur- 
rent up the chimney. To contract the throat of the 
chimney, or place a narrow-mouthed pot on the 
ajutage at the chimney-top will sometimes cure this 
defect, when as much air finds its way through chinks 
as is equal to the quantity flowing through the con- 
tracted opening, — ^but the improvement is only par- 
tial. The throat should be formed of the proper size 
and shape, (see page 121,) and air should be admit- 
ted to the room by a separate channel. There are 
many welUknown ways of doing this : by a moveable 
pane, a was-es^dat, channels or pipes from the out- 
side, or openings made over the door (page 71) : but 
the neatest and best method is to introduce the neces- 
sary quantity of fresh air through the heating cavity 
of a warm air grate, the apertures in which may be 
double the area of the passage for the smoke at the 
throat ; and to divide the current, the opening may 
be covered with wire cloth. 

Chimneys sometimes continue to smoke after air- 
channels have been formed, especially when the fire 
is large and bums vividly. In this case the air 
is not supplied in sufficient quantity, and there is a 
downward current formed in the chimney to supply 
the deficiency, and the smoke impeded in its ascent 
comes into the room. It is obvious the remedy is to 
increase the size of the air-ducts. 

To the same want of air it is owing that when a 
door is hastily shut or " slammed,'^ smoke and dust 
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are drawn downward from the chiinney . This seldom 
happens where the exterior air has free ingress into 
the room^ through proper-sized openings; it often 
occurs when the room is heated hy a Dutch stove, 
and then occasions more annoyance than with an open 
fire, as the room cannot be so quickly cleared of it. 
An air-stove with large air openings, which have a 
communication with the atmosphere is the proper 
remedy. 

When there is a large fire in an adjoining room, or 
in a room opening from the same passage or staircase, 
it will draw the air, from the room or passage con- 
nected with it, particularly if they are small. Here 
the remedy must be applied to the large fire : a suffi- 
cient quantity of air to supply the current up its chim- 
ney must be furnished from some other independent 
source and conducted into the room itself, or into the 
passage, or space which connects the two rooms. 

In many houses in which there are what are called 
thorough draughts, such as the front and back doors 
being placed in opposite walls, in some winds the flow 
of air from the passage into the rooms is obstructed, 
a partial rarefaction is produced, and the smoke de- 
scends into all the rooms connected with the passage. 
In this case a porch must be added to one of the 
doors, that to the leeward is the most proper. This is 
a troublesome defect, as its removal depends on the 
proper management of the doors in stormy weather. 
— The chinmeys of houses situated on the sides of hills 
smoke in certain winds, particularly when they blow 
down the slope on which the house stands. Here all 
the chimneys are more or less affected by the down- 
ward current forming a partial vacuum in the apart- 
ments. Apertures opening towards the wind, are the 
only effectual remedies. 

Chimney-pots^ of many forms, are applied to the 
smoke ajutage at the chimney-top. AU are more or 
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less corrections of errors in the formation of the 
chimney and hearth recess, and show want of skill in 
the huilder. They are often useful, to diminish the 
size of the opening and prevent the entrance of the 
air into the flue, which lowers the huoyancy of the 
ascending smoke. Pots also regulate the quantity of 
air admitted to the fireplace; which, however, is 
hetter done hy contracting the throat. In winds 
which, by their superior velocity, impede the rising 
current, a turn-cap or cowl, with its opening turning 
from the wind, forms a passage without obstruction to 
the leeward. Some cowls are formed with an inchned 
plane around their ajutage, which, deflecting the wind, 
at the orifice, assists the rise and escape of the smoke* 
It is sometimes necessary to cover the orifice to 
prevent winds, to which by some local object an in- 
clined direction has been given, from blowing down 
the chimney. The varieties of this contrivance are 
nimierous. The common cottage cap, formed by a 
piece of stone or metal placed inclined to the wind, 
and closing up the top and windward side and leaving 
the other faces open, is the best. 
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